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DLPFC  dorsolateraler prefrontaler Kortex
fMRT	 	 funktionelle	Magnetresonanz-Tomografie
IFG  inferiorer frontaler Gyrus
IPL  inferiorer parietaler Lobus
LNG  Lingualer Gyrus
mPFC  medialer prefrontaler Kortex
MNS  mirror neuron system, Spiegelneuronensystem
PPI	 	 psychophysiologische	Interaktion










Social	 cognition	 is	 a	 key	 function	of	 human	beings.	 Successfully	 taking	part	 in	 so-
cial	 interactions	is	of	great	 importance	for	survival.	Hence,	we	have	a	need	for	constant	















To	 date,	more	 empirical	 research	 is	 needed	 to	 further	 investigate	 the	 possible	 relation	
between	social	 interaction	deficits	and	delusions	 (Freeman,	2007).	For	 this	purpose,	we	




Additionally,	 social	 cognition	deficits	 are	often	explained	by	 alterations	of	 the	ob-
servation-execution	matching	system	i.e.,	the	mirror	neuron	system	(MNS).	This	system	is	



















We	 have	 shown	 in	 Study	 #1	 that	 the	 network	 for	 perception	 of	 cooperative	 and	
non-cooperative	behavior	 is	altered	 in	a	mirror-inverted	way	 in	paranoid	schizophrenia.	
More	precisely,	in	schizophrenic	patients	parts	of	the	cooperation-network	showed	atte-





















of	 the	 efference	mechanism	 in	 schizophrenia.	More	 specifically,	 due	 to	 dysconnectivity	









unerlässlich.	 Daher	 bedarf	 es	 eines	 kontinuierlichen	 Screenings	 des	 sozialen	 Kontexts	 –	
inklusive	der	korrekten	Zuordnung	von	 Intentionen	oder	Urheberschaft	einer	Handlung.	
An	diese	Prozesse	muss	unser	Gehirn	bestens	angepasst	sein.	Dies	 ist	bei	Patienten	mit	
Schizophrenie	 nicht	 der	 Fall	 –	 gestörte	 soziale	 Kognitionsfähigkeiten	 gehören	bei	 dieser	
Erkrankung	 zur	Kernsymptomatik	 (Frith,	1992).	 In	der	vorliegenden	Dissertation	wurden	
die	neuralen	Prozesse	 im	Gehirn	von	Patienten	mit	Schizophrenie	sowie	 im	nicht-patho-
logischen	Gehirn	untersucht,	die	Teilaspekten	der	sozialen	Kognitions-Fähigkeiten	zugrun-
de	 liegen.	 Dazu	wurden	 drei	 funktionelle	Magnetresonanz-Tomographie	 (fMRT)	 Studien	
durchgeführt,	die	 sich	 im	Speziellen	mit	 (1)	der	Wahrnehmung	von	Kooperation	 (Studie	
#1),	 (2)	 der	Wahrnehmung	 eigener	 sowie	 fremder	 Handlungen	 (Studie	 #2)	 und	 (3)	 der	
Unterscheidung	eigener	Handlungen	von	Handlungen	anderer	(Studie	#3)	beschäftigen.
Die	 soziale	 Kognition	 innerhalb	 der	 Schizophrenie-Forschung	 ist	 eine	 oft	 bemüh-
te	Thematik.	Allerdings	wurde	die	Wahrnehmung	von	Kooperation	als	Form	der	sozialen	
Interaktion	nur	 sehr	 selten	untersucht	 –	obwohl	 es	 sich	dabei	 um	eine	der	Grundlagen	









beobachteten,	 bei	 denen	 zwei	 Darsteller	 kooperativ	 bzw.	 –	 in	 der	 Kontrollbedingung	 –	




Bei	 Patienten	mit	 Autismus	 oder	 Schizophrenie	werden	 soziale	 Kognitions-Defizite	
oft	mit	einer	Störung	des	Spiegelneuronensystems	(mirror	neuron	system,	MNS)	erklärt.	
Dieses	Netzwerk	 ist	gleichermaßen	aktiviert,	wenn	Handlungen	beobachtet	sowie	selbst	
ausgeführt	 werden	 (z.	 B.	 Iacoboni	 et	 al.,	 2005).	 Anders	 als	 bei	 Autismus	 beschäftigten	
sich	bisher	Wissenschaftler/innen	nicht	explizit	mit	der	Funktionalität	dieses	Systems	bei	










Kontrollsystems, das zwischen beidem unterscheiden kann, um die erfolgreiche Zuordnung 
von	Urheberschaft	zu	gewährleisten	(David	et	al.,	2008;	Leube	et	al.,	2012).	Bei	Patienten	
mit Schizophrenie gelingt diese Zuordnung nicht immer fehlerfrei. Infolge dessen leiden sie 
unter	Beeinflussungswahn	(Ich-Störung,	Passivitätsphänomene).	Es	wird	angenommen,	das	
eine	Störung	des	Efferenzkopie-Mechanismus,	der	motorische	Handlungspläne	mit	senso-
rischen Handlungskonsequenzen auf neuraler Ebene vergleicht und dadurch die sensori-
schen Konsequenzen selbstproduzierter Handlungen in der Wahrnehmung abschwächt, 
diese	 Passivitätsphänomene	hervorruft	 (z.	 B.	 Blakemore	 et	 al.,	 2000;	 Ford	&	Mathalon,	
2004).	 Um	 sich	 der	 Funktionsweise	 dieses	 Prozesses	 anzunähern,	 wurde	 in	 der	 vorlie-
genden	Arbeit	die	Gehirnaktivität	in	Folge	kontinuierlicher	Greifbewegungen	untersucht.	
Abwechselnd	wurde	das	 visuelle	 Feedback	 dieser	 Bewegungen	manipuliert,	 indem	eine	
zeitliche	Verzögerung	eingeführt	wurde.	Dies	führte	zu	einer	Diskrepanz	zwischen	motori-
schen Handlungsplänen und den wahrgenommenen sensorischen Handlungskonsequenzen 
und	simulierte	damit	eine	„nicht-selbst“	ausgeführte	Handlung	(Studie	#3).
In	Studie	#1	konnte	gezeigt	werden,	dass	sich	das	Aktivierungsmuster	des	Netzwerks	
für	 die	 Wahrnehmung	 kooperativen	 und	 nicht-kooperativen	 Verhaltens	 bei	 Patienten	





experimentelle	 Belege	 für	 die	 Theorie	 eines	 überaktivierten	Mentalisierungs-Netzwerks	
und	 Hypermentalisierungs-Tendenzen	 (z.	 B.	 Abu-Akel	 &	 Bailey,	 2000)	 bei	 Patienten	mit	






















sensorisches	 Feedback	etc.)	 zwischen	motorischen	und	 sensorischen	Arealen	 im	Gehirn	
beeinträchtigt	 sein	 könnte.	 Ein	 Zusammenhang	 zwischen	 den	 Veränderungen	 innerhalb	





9Soziale Kognition und deren Beeinträchtigung in der Schizophrenie
Kapitel	1
Einleitung
1.1. Soziale Kognition und deren Beeinträchtigung in der Schizophrenie
Das	 Leben	 in	 unserer	 stark	 sozialisierten	 Gesellschaft	 erfordert	 eine	 ständige	
Wahrnehmung	 und	 Verarbeitung	 von	 sozialen	 Informationen	 und	 eine	 permanente	
Anpassung	des	eigenen	Verhaltens	in	sozialen	Kontexten.	Das	multidimensionale	Konstrukt	
der	Sozialen	Kognition	fasst	die	zugrunde	liegenden	kognitiven,	emotionalen	und	behavi-


















Ich war im Bus auf dem Weg nach Bad Endbach, da beschimpfte mich der Busfahrer unvermittelt 
und schmiss mich irgendwo in verlassener Gegend aus dem Bus. Nach einigen Stunden kam 
ein weiterer Bus. Die Türen gingen auf und es standen plötzlich drei, mit Maschinenpistolen 
bewaffnete Männer vor mir. Sie zwangen mich einzusteigen und brachten mich gegen meinen 
Willen hierher. Sie verschwanden wieder, aber ich wurde hier überall überwacht. Ich konnte 
nicht fliehen. Ich konnte mich einfach nicht bewegen. Irgendeine Macht hielt mich hier.
(Patient mit paranoider Schizophrenie, 22 Jahre alt)
„
„ 











missinterpretiert	 haben	 könnte.	 Die	 Entführung	 durch	 bewaffnete	Männer	 und	 die	 an-







ken	Zusammenhang	mit	 anderen	 sozial-kognitiven	 Fähigkeiten	 (Schimansky	et	 al.,	 2012)	






tragen	 (Muñoz	 et	 al.,	 2011).	 Die	 empfundene	 Belastung	 der	 Betroffenen,	 die	 Spezifität	
der	 Symptomatik,	 das	 hohe	 Lebenszeitrisiko	 der	 Schizophrenie	 (ca.	 0,5	 %;	 Saha	 et	 al.,	
2008)	 und	 die	 bisher	 noch	 unzulänglichen	 Therapieprogramme	 für	 die	 Verbesserung	
des	sozialen	Funktionsniveaus	(Lindenmayer	et	al.,	2013),	machen	eine	eingehende	neu-
robiologische Untersuchung der zugrunde liegenden Mechanismen erforderlich, um die 
Therapieentwicklung	spezifisch	in	der	sozialen	Domäne	zu	unterstützen.	
Im	Rahmen	der	 vorliegenden	Dissertation	 sollten	 neuronale	Netzwerke	 von	 schiz-
ophrenen	und	gesunden	Teilnehmern,	die	an	den	angesprochenen	Teilaspekten	 sozialer	
Kognition	 beteiligt	 sind,	 mittels	 funktioneller	 Magnetresonanz-Tomographie	 (fMRT)	 un-
tersucht	werden.	In	Anlehnung	an	die	oben	skizzierte	Missinterpretation	von	Intentionen	
und	fehlerhafte	Zuordnung	der	Urheberschaft	galt	das	besondere	Interesse	der	Arbeit,	der	
Fragestellung, wie und wo im Gehirn eigene und fremde Handlungen verarbeitet und un-












zugrunde liegen, hervorgehoben werden. Im Anschluss wird noch einmal gezielt auf die 
Ergebnisse	 der	 einzelnen	 Studien	 eingegangen	 (Kapitel	 2.-4.).	 Abschließend	werden	 die	
Ergebnisse	und	deren	Implikationen	integriert	und	im	Zusammenhang	diskutiert	(Kapitel	
5.).




Zustände der Person evaluiert werden. Es gibt zwei Netzwerke im menschlichen Gehirn, 







2006;	 Saxe,	 2006),	 der	 Precuneus	 und	 der	 posteriore	 cinguläre	 Kortex	 (PREC/PCC)	 des	
menschlichen	Gehirns	 zugeordnet	 (Ciaramidaro	et	 al.,	 2007;	U.	 Frith	&	C.D.	 Frith,	 2003;	















jedoch	 überzeugende	Hinweise	 für	 ein	 homologes	 humanes	MNS	 (z.	 B.	 Binkofski	 et	 al.,	
2000;	Buccino	et	al.,	2001;	Iacoboni	et	al.,	1999).	Auch	gibt	es	seit	Kurzem	Evidenz	dafür	




























In	 einigen	 Studien	 konnte	 bereits	 demonstriert	 werden,	 dass	 sowohl	 das	 ToM-
Netzwerk	 als	 auch	das	MNS	bei	 non-verbaler	 Kommunikation	durch	Gesten	 gleichzeitig	
aktiv	sind	(z.	B.	Schippers	et	al.,	2009;	Liew	et	al.,	2011).	In	der	vorliegenden	Arbeit	wur-
de	untersucht,	 ob	beide	Netzwerke	auch	eine	Rolle	bei	 der	Wahrnehmung	von	 realisti-






















1.3. Grundlagen der Wahrnehmung eigener Handlungen 
Wenn	 allerdings,	 wie	 im	 vorhergehenden	 Absatz	 für	 das	 MNS	 eingehend	 erläu-
tert, dieselben neuralen Strukturen bei eigenen Handlungen und bei der Wahrnehmung 








von	 Handlungen,	 Gedanken	 und	 Gefühlen	 verantwortlich	 ist.	 Es	 wird	 vermutet,	 dass	
der	 von	Von	Holst	 und	Mittelstaedt	 (1950)	postulierte	 Efferenzkopiemechanismus	 (bzw.	
„Reafferenzprinzip“)	diese	Aufgabe	übernimmt	(David	et	al.,	2008;	Leube	et	al.,	2012).	Der	






abgeschwächt	 (“Corollary	Discharge”,	 für	 Reviews	 siehe	 Cullen,	 2004;	 Pynn	&	DeSouza,	
2013).	Wenn	die	Signale	stattdessen	nicht	passen,	werden	die	Unterschiede	einem	ande-
ren	Urheber	 zugeordnet	 (siehe	 z.	B.	 Jeannerod	&	Pacherie,	2004).	Die	dadurch	gewähr-
leistete	 Eigen-Fremd-Unterscheidung,	 die	 scheinbar	 bei	 Patienten	 bei	 Vorhandensein	













beim	 Auftreten	 entsprechender	 Symptome	 die	 korrekte	 Vorhersage	 der	 sensorischen	
Konsequenz	eigener	Handlungen	versagt	(Synofzik	et	al.,	2010).	Beim	Abgleich	der	inakkura-
ten	Vorhersage	mit	der	aktuell	wahrgenommenen	Konsequenz	kommt	es	zu	Diskrepanzen,	
die	 fremden	 Personen	 zugeschrieben	 werden	 und	 zu	 Fremdbeeinflussungserleben	 der	











ronale	 Netzwerke	 sind:	 Das	MNS	 führt	 zu	 einer	 gemeinsamen	 Eigen/Fremd-Abbildung,	
der	Efferenzkopiemechanismus	zur	Eigen/Fremd-Unterscheidung.	Die	genaue	Interaktion	
der	 Hirnregionen	 ist	 allerdings	 gegenwärtig	 noch	 nicht	 beschrieben.	 Strukturell	 wur-












sungen	 eingesetzt.	 Bei	 dieser	 indirekten	Methode	 werden	 über	 den	 Sättigungszustand	
des	 Hämoglobins	 im	 Blut	 mit	 Sauerstoff	 und	 über	 damit	 zusammenhängende	 magne-
tische	 Eigenschaften	 (BOLD-Kontrast;	 aus	 dem	 Englischen:	 blood	 oxygenation	 level	 de-
pendent),	Rückschlüsse	auf	aktivierte	Hirnareale	gezogen.	Dabei	liegen	der	Methode	fol-
gende	Annahmen	 zugrunde:	 (1)	 Erhöhte	Neuronenaktivität	 geht	mit	 der	 Steigerung	des	
lokalen	zerebralen	Blutflusses	einher,	um	den	Energiebedarf	des	Gewebes	zu	kompensie-










korreliert	 zwar	mit	 Aktionspotentialen,	 aber	 deutlicher	mit	 den	 lokalen	 Feldpotentialen	









man	 die	 Evaluation	 temporaler	 Korrelationen	 zwischen	 räumlich	 getrennten	 neurophy-
siologischen	 Prozessen	 (Friston,	 1994),	 folglich	 gemeinsame	 Signal-Fluktuationen	 von	
Hirnarealen, die allerdings keine kausalen Schlussfolgerungen der Wirkungsrichtung erlau-
ben.	Zur	Bestimmung	wurden	zwei	Ansätze	gewählt:	Die	Seed-Voxel-Analyse	(siehe	z.	B.	
Bedenbender	 et	 al.,	 2011)	 und	 die	 psychophysiologische	 Interaktion	 (PPI,	 Friston	 et	 al.,	
1997).	Letztere	erlaubt	zusätzlich	eine	Aussage	über	Kopplungsveränderungen	 innerhalb	
von Netzwerken in Abhängigkeit von der absolvierten Aufgabe. 
1.5. Zusammenfassung der Ziele 
Da	 die	 oben	 beschriebenen	 sozial-kognitiven	 Prozesse	 von	 so	 fundamentaler	





gischen, zugrundeliegenden Systeme, wenn man Abweichungen in diesen mit der verän-
derten	 Pathologie	 bei	 Patienten	 in	 Zusammenhang	 bringt.	 Anders	 als	 bei	 der	Mehrheit	













oftmals	 nur	minimale	 Informationen	 zur	 Verfügung	 stellen,	 erhielten	 Teilnehmer	 in	 der	
vorliegenden	 Studie	 zur	 Verarbeitung	 sozialer	 Situationen	 ein	 realistisches	 Ausmaß	 an	
Informationen	(wie	z.	B.	Bewegungsinformationen).	Dies	ließ	sich	nur	über	den	Einsatz	von	
Videomaterial	gewährleisten.	
Zusammenfassend lassen sich die Fragestellungen der Studien wie folgt formu-
lieren:	 Sind	 die	 Netzwerke,	 die	 an	 der	 Beobachtung	 von	 naturalistischer	 kooperativer	






Unterscheidet	 sich	während	 einer	 impliziten	 „selbst“	 und	 „nicht-selbst“	Diskriminierung	
das	Aktivitätsmuster	im	Gehirn	von	Patienten	und	gesunden	Probanden?	Macht	es	einen	
Unterschied,	 ob	 die	 beobachteten	 und	 ausgeführten	 Handlungen	 intentional	 sind	 oder	








Studie #1: Wahrnehmung kooperativen Verhaltens 
2.1. Hypothesen Studie #1


















Frage nachzugehen, ob dieser mit sozialen Wahrnehmungsprozessen im Zusammenhang 
steht.	Folgende	Hypothesen	(H)	wurden	im	Vorfeld	aufgestellt:
H1:  Bei Probanden sind während der Beobachtung von Kooperation Gehirnareale des MNS aktiv 
sowie Areale, die zum ToM-Netzwerk gezählt werden.
H2:  Patienten mit Schizophrenie rekrutieren bei der Beobachtung der Kooperationsvideos 
das Netzwerk für die Wahrnehmung kooperativen Verhaltens im Vergleich zu gesunden 
Probanden vermindert.
H3:  Das veränderte Aktivierungsmuster steht zudem im Zusammenhang mit der Ausprägung des 







2.2. Ergebnisse Studie #1
Wie	 erwartet	 konnte	 gezeigt	 werden,	 dass	 für	 die	 Verarbeitung	 von	 Kooperation	




Weise	wurden	 bei	 Patienten	 genau	 diese	Areale	 bei	 der	 Beobachtung	 der	Videos	 ohne	
Kooperation	 verstärkt	 angesprochen.	 Sehr	 wichtig	 für	 die	 Interpretation	 der	 Daten	
ist,	 dass	 dieses	Hyperaktivierungs-Muster	 (in	 pSTS,	mPFC,	ANG)	 in	 der	Bedingung	ohne	
Kooperation	 mit	 der	 Ausprägung	 der	 Verfolgungswahn-Symptomatik	 positiv	 korrelier-
te	 (H3).	 Ferner	konnte	diesem	Ergebnis	entsprechend,	ein	positiver	Zusammenhang	zwi-
schen	 den	 Selbsteinschätzungen	 der	 kognitiven	 Wahrnehmungsdefizite	 –	 ein	 Maß	 für	
subklinische Ausprägung von Wahnsymptomen bei gesunden Kontrollprobanden – und 
der	 Aktivierung	 in	 diesen	 Arealen	 (mPFC,	 ANG)	 während	 der	 Verarbeitung	 von	 Videos	




2.3. Diskussion Studie #1
Über	die	Bestätigung	der	Ergebnisse	von	Leube	et	al.	(2012)	bei	gesunden	Probanden	
(sprich:	der	Co-Aktivierung	von	ToM	und	MNS-Arealen)	hinaus,	konnten	wir	mit	Studie	#1	
zeigen,	 dass	 Patienten	 bei	 der	Wahrnehmung	 von	 Kooperation	 vor	 allem	 innerhalb	 des	
ToM-Netzwerkes	Defizite	 aufweisen,	 nicht	 aber	 im	MNS.	Das	wichtigste	 Ergebnis	 ist	 al-
lerdings	die	Hyperaktivierung	 innerhalb	des	ToM-Netzwerkes	als	Folge	der	Beobachtung	





ToM”	 von	 Abu-Akel	 und	 Bailey	 (2000).	 Diese	 besagt,	 dass	 Patienten	mit	 Schizophrenie	
mentale	Zustände	überattribuieren	und	exzessive	Hypothesen	über	 Intentionen	anderer	
bilden.	Im	Bezug	auf	unsere	Studie	scheint	es	zu	einer	Hyperaktivität	des	Mentalisierungs-
Netzwerkes	 gekommen	 zu	 sein	während	 die	 Akteure	 im	 Video	 nicht	 kooperierten.	 Der	
Zusammenhang	mit	Verfolgungswahn	deutet	darauf	hin,	dass	diese	mehrdeutige	Situation	













für	 gestörte	 Mentalisierungs-Fähigkeiten	 heranziehen,	 existieren	 bereits	 (Blakemore	 et	
al.,	2003;	Montag	et	al.,	2011;	Russell	et	al.,	2006;	Walter	et	al.,	2009).	Allerdings	fanden	
nur	wenige	bisher	einen	direkten	Zusammenhang	zwischen	Mentalizing-Defiziten	und	der	
Wahnsymptomatik	 (Blackwood	 et	 al.,	 2001;	Harrington	 et	 al.,	 2005a;	 Park	 et	 al.,	 2011).	
Unsere	Ergebnisse	unterstützen	die	Theorie	von	Wible	(2012)	und	Wible	et	al.	(2009)	nach	
der	 insbesondere	eine	Hyperaktivität	des	pSTS	und	des	 IPL	 (beinhaltet	ANG)	 zur	 fehler-
haften	 Wahrnehmung	 von	 Intentionen	 und	 gesteigerter	 Zuordnung	 von	 Signifikanz	 zu	
Handlungen	anderer	 führen	 könnten	–	und	damit	Wahnsymptome	am	besten	erklären.	
Andere	Autoren	 fanden	 ebenfalls	Hyperaktivierungen	 im	pSTS	 in	 ihrer	 sozial-kognitiven	
Kontrollbedingung	und	diskutierten	diese	im	Zusammenhang	mit	Wahnsymptomen	(Mier	
et	al.,	2008;	Pinkham	et	al.,	2008;	Walter	et	al.,	2009).	Wir	konnten	den	Zusammenhang	
zwischen	 Verfolgungswahn	 und	 hyperaktivem	 ToM-Netzwerk	 vor	 allem	 für	 den	 pSTS,	
mPFC und ANG erstmals belegen. 
Interessanter	Weise	scheint	ähnliches	auch	für	Individuen	zuzutreffen,	die	subklinische	
Wahrnehmungsbeeinträchtigungen	haben	–	auch	als	schizotype	Persönlichkeitsmerkmale	












Studie #2: Funktionsfähigkeit des Spiegelneuronensystems 

































H4:  Beobachten und Ausführen einer zielgerichteten Handlung führt bei Patienten und Probanden 
zur Aktivierung von MNS-assoziierten Arealen (z. B. pSTS, IFG, IPL), bei Patienten geschieht 
dies in geringerem Ausmaß.
H5:  Eher als spezifische lokale Aktivierungsunterschiede, liegt innerhalb des MNS eine 
Dyskonnektivität der beteiligten Regionen vor. 
3.2. Ergebnisse Studie #2
Beobachten	und	Ausführen	einer	zielgerichteten	Greifbewegung	führte	bei	Patienten	
und	 Probanden	 wie	 erwartet	 zur	 Aktivierung	 typischer	 MNS-assoziierter	 Areale,	 v.	 a.	
pSTS,	 IFG,	 IPL	 und	 präzentraler	Gyrus	 (vgl.	Metaanalyse	 von	Molenberghs	 et	 al.,	 2012).	
Bei	 Patienten	war	 die	 Ausdehnung	 des	 rekrutierten	 Netzwerkes	 allerdings	 erwartungs-
gemäß	geringer	 (H4).	 Ein	 signifikanter	Aktivierungsunterschied	konnte	 für	ein	 rechts-he-
misphärisches	 Cluster	 im	 Lingualen	 Gyrus	 (LNG),	 mit	 Ausweitung	 in	 den	 posterioren	
Parahippocampalen	Gyrus,	gezeigt	werden.	Dieses	Cluster	erfüllte	bei	Probanden	zumin-























et	 al.,	 2010).	Allerdings	 spiegeln	unsere	Daten	nicht	 zwangsläufig	ein	 spezifisches	MNS-
Defizit	wider.	Da	der	LNG	Teil	des	ventralen	Pfades	für	visuelle	Informationsverarbeitung	
ist	 (Mishkin	et	al.,	1983)	und	 in	das	Encodieren	visueller	 Informationen	 für	einen	späte-
ren	Gedächtnisabruf	sowie	in	mentale	Rotationen	involviert	ist	(Schendan	&	Stern,	2008),	










Repräsentation	dieser	Handlungen	 im	MNS	abzugleichen	 (Schendan	&	Stern,	 2008).	 Bei	
Patienten	mit	Schizophrenie	 legt	die	Dyskonnektivität	 zwischen	 IPL	und	LNG	nahe,	dass	
entsprechende	Wege	des	Informationsaustausches	gestört	sind.	Wir	konnten	darüber	hin-
aus	zeigen,	dass	die	Kommunikation	zwischen	bekannten	MNS-Arealen,	die	normalerweise	










Studie #3: Wahrnehmung verzögerter Eigenhandlungen 
4.1. Hypothesen Studie #3














es	 gar	 nicht	modifiziert	war.	 Sie	 akzeptierten	 zeitversetztes	 Feedback	 eher	 als	 synchro-















Hypothesen sollten hauptsächlich untersucht werden. 
H6:  Besteht ein Mismatch zwischen ausgeführter Bewegung und eigenem Feedback, kommt es 
bei intentionalen Bewegungen bei gesunden Probanden zu einer verstärkten Aktivierung 
bewegungssensitiver Areale, nicht aber bei Patienten mit Schizophrenie.
H7:  Da das MNS vor allem für intentionale Handlungen sensitiv ist, erwarten wir bei der 
Ausführung und Beobachtung zielgerichteter Greifbewegung von Gesunden eine Beteiligung 
des MNS. Bei der Verarbeitung zeitlicher Diskrepanzen sollte eine Kontrollinstanz identifiziert 
werden können, die die „selbst/nicht-selbst“-Unterscheidung in diesem System gewährleistet 
– das üblicherweise eigene und fremde Handlungen in denselben neuralen Strukturen 
gleichermaßen abbildet.
H8:  Die funktionelle Konnektivität zwischen Arealen, die eine Efferenzkopie senden und 
bewegungssensitiven Zielregionen, deren Reaktionen laut Theorie durch die Efferenzkopie 
für synchrones Feedback selbstproduzierter Handlungen abgeschwächt werden, ist bei 
Patienten verringert.
H9: Veränderungen innerhalb des Efferenzkopie-Netzwerks stehen im Zusammenhang mit der 
Ausprägung der Ich-Störungs-Symptomatik bei Patienten.






zu	 den	 einzelnen	 Bedingungen	 (mit/ohne	 Verzögerung;	 intentional/nicht-intentional)	
zeigte,	 dass	 diese	 bewegungssensitive	 Region	mit	motorischen	 Funktionen	 (Binkofski	 &	
Buccino,	2004)	bei	Gesunden	stärker	aktiviert	ist,	wenn	eine	zeitliche	Diskrepanz	zwischen	
ausgeführter	 intentionaler	Bewegung	und	visuellem	Feedback	vorliegt,	während	der	 IFG	




















































ein	 verändertes	 Konnektivitätsmuster	 mit	 anderen	 Bereichen	 im	 Gehirn	 auf.	 Dass	 bei	
Patienten	 die	 Empfindungen	 von	 selbst-generierten	 Bewegungen	 nicht	 ordnungsgemäß	


















erhält	 (Kringelbach	&	 Rolls,	 2004),	 ist	 es	 denkbar,	 dass	 diese	 benötigten	 Informationen	
für	den	Abgleichmechanismus	durch	die	verminderte	Konnektivität	zum	IFG	nicht	recht-
zeitig	 bereit	 stehen.	 Dass	 die	 entsprechende	 Veränderung	 im	 Zusammenhang	mit	 dem	
Fremdbeeinflussungserleben	steht,	demonstriert	die	Korrelation	der	Aktivität	des	OFC	mit	
der	Ausprägung	der	Ich-Störungs-Symptomatik.











Zusammenfassend	 konnten	 wir	 zur	 Klärung	 vieler	 offener	 Fragen	 bezüglich	 der	
Wahrnehmung	 von	 eigenen	 und	 fremden	 Handlungen	 und	 deren	 Beeinträchtigung	 bei	
Patienten	mit	Schizophrenie	beitragen.	Bei	der	Kooperationswahrnehmung	war	von	den	be-
teiligten	MNS	und	ToM-Netzwerk	vor	allem	letzteres	bei	Patienten	in	seiner	Funktionalität	
eingeschränkt. Es zeigte sich, dass anders als bei Gesunden dieses Netzwerk gerade im 
nicht-kooperativen	 Kontext	 verstärkt	 –	 und	 bei	 der	 Beobachtung	 von	 Kooperation	 hin-








































len.	 Die	 gestörte	 Verarbeitung	 der	 sensorischen	 Diskrepanz	 kann	 zu	 Selbst-Monitoring-
Defiziten	 und	 Fehlzuweisungen	 der	 Urheberschaft	 beitragen	 und	 daraus	 resultierenden	
Beeinflussungswahn	bei	Patienten	erklären.	Dass	es	einen	solchen	Zusammenhang	–	zwi-




der	Daten	berücksichtigt	werden	 sollten.	Als	 erstes	wäre	 zu	nennen,	dass	das	MNS	ein	
Konstrukt	 ist,	das	ursprünglich	von	Forschungsergebnissen	beim	Affen	abgeleitet	wurde.	


























lich	 getrennten	 Regionen	 statistisch	 untersucht	 werden,	 und	 Studien	 zur	 strukturellen	
Konnektivität	(Greicius	et	al.,	2009).	








auf einem makroskopischen Level untersucht. 
Eine weitere Einschränkung ist, dass wir neben klinischen Interviews und ei-
ner	 ToM-Aufgabe	 kein	weiteres	Maß	 zur	 sozialen	 Funktionsfähigkeit	 der	 Patienten	 und	
Probanden	erhoben	haben	und	uns	deshalb	vor	allem	auf	die	Literatur	beziehen	müssen.	
























Das	 Ergebnis	 eines	 gestörten	MNS	 (Studie	 #2)	 wird	maßgeblich	 die	 Forschung	 im	
Bereich	der	sozialen	Kognition	bei	Patienten	mit	Schizophrenie	beeinflussen,	da	nun	ein	
experimenteller	fMRT-Hinweis	für	die	veränderte	Integrität	des	MNS	vorliegt.	An	diesem	
Punkt	 sollte	 zukünftig	 angeknüpft	 und	 der	 Einfluss	 einer	 veränderten	 Funktionsweise	
des	MNS	auf	die	 soziale	Funktionsfähigkeit	quantifiziert	werden.	Das	Ergebnis	 stellt	des	
Weiteren	eine	Möglichkeit	dar,	die	Erfolge	von	Therapien,	die	soziale	Fähigkeiten	verbes-









der	 IFG	 aufgrund	 seiner	 Charakteristik	 einen	 Kontrollmechanismus	 innerhalb	 des	 MNS	
beherbergen	könnte,	nach	dem	bereits	länger	gesucht	wird	(David	et	al.,	2008;	Leube	et	
al.,	 2012).	 Dieser	 Kontrollmechanismus	 ist	 bei	 Patienten,	 vermutlich	 aufgrund	 der	 hier	























notwendig – stellt allerdings auch eine sehr herausfordernde Aufgabe dar. 
Interessant	 wäre	 darüber	 hinaus,	 ob	 die	 Zuordnung	 von	 mentalen	 Zuständen	 zu	
sich	selbst	und	anderen,	d.	h.	ToM-Mechanismen,	ebenfalls	einem	solchen	Mechanismus	
unterliegen	 (vgl.	 Williams	 &	 Happé,	 2009).	 Um	 phänomenologische	 Ähnlichkeiten	 bzw.	
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The	observed	group-by-condition	 interaction	 revealed	a	 contrasting	activation	pattern	 for	
patients	versus	healthy	controls	in	the	medial	and	lateral	prefrontal	cortex,	the	middle	cin-
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Introduction
Social	 cognition	 is	 a	 key	 function	 of	 human	
beings. Successfully taking part in social inter-
actions	 is	 of	 great	 importance	 for	 survival.	
Hence, we have a need for constant screening 
of	 social	 contexts	 and	 meanings.	 Therefore,	
our brain should be well adapted to these pro-
cesses. A number of important brain regions 
linked	 to	 social	 perception	 have	 been	 iden-
tified.	 Among	 others,	 areas	 related	 to	 a	 core	
aspect	 of	 social	 cognition,	 namely	 “theory	 of	
mind”	 (ToM,	 originally	 proposed	 by	 Premack	
&	Woodruff,	1978;	Baron-Cohen,	1995),	are	of	
great	 importance.	 ToM	refers	 to	 the	ability	 to	
predict	and	explain	other	people’s	behavior	on	
the	basis	of	an	understanding	of	their	intention.	
Central	 ToM	 regions	 are	 the	 temporo-parietal	
junction	 (TPJ)	 and	 precuneus/posterior	 cingu-
late	 cortex	 (Ciaramidaro	 et	 al.,	 2007;	 U.	 Frith	
&	C.D.	Frith,	2003;	Saxe,	2006).	However,	most	
specific	 for	mentalizing	 is	 the	medial	 prefron-
tal	cortex	(BA	8/9	mPFC)	and	its	subregion	the	
paracingulate	 cortex	 (BA	 32,	 Amodio	 &	 Frith,	
2006;	C.D.	Frith	&	U.	Frith,	2006).	Additionally,	
a	 crucial	 element	 of	 social	 cognition	 is	 action	
understanding, which is proposed to recruit 
the	mirror	neuron	system	(MNS;	Carr,	Iacoboni,	
Dubeau,	 Mazziotta,	 &	 Lenzi,	 2003;	 Rizzolatti,	
Fogassi,	&	Gallese,	2001).	This	network	consists	
of	neurons	that	discharge	during	action	produc-
tion	as	well	 as	during	observation	of	 a	 similar	
action	 performed	 by	 another	 actor	 (in	 mon-
keys:	Gallese,	Fadiga,	Fogassi,	&	Rizzolatti,	1996;	
Rizzolatti,	 Fadiga,	 Gallese,	 &	 Fogassi,	 1996;	 in	
humans: Mukamel, Ekstrom, Kaplan, Iacoboni, 
&	Fried,	2010).	One	particular	function	of	these	
neurons	is	their	responsiveness	to	observations	
of	 goal-directed	 interactions	 of	 a	 hand	 with	
an	object	 (Gallese	et	al.,	1996;	 Iacoboni	et	al.,	
2005).	 Associated	 brain	 areas	 for	 this	 action	
execution/observation	matching	system	are	the	
inferior	 frontal	gyrus	 (BA	44)	and	rostral	parts	
of the inferior parietal lobe, areas beneath the 
intraparietal	sulcus	(aIPS),	and	their	input	region	
the posterior part of the superior temporal 
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to	 the	 MNS	 (Dapretto	 et	 al.,	 2005;	 Perkins,	
Stokes,	McGillivray,	&	Bittar,	2010).	In	addition,	
impaired	mentalizing	abilities	(i.e.	ToM	abilities)	
seem to be the best predictor of poor social 
competence	in	schizophrenia	(Brüne,	Abdel-Ha-
mid,	Lehmkämper,	&	Sonntag,	2007).	Impaired	
social	 functioning	 is	 a	 core	 characteristic	 in	
schizophrenia	 (Frith,	1992)	and	deficits	 in	ToM	
abilities	were	reported	by	almost	all	published	
ToM	 studies	 of	 schizophrenic	 patients	 (Bora,	
Yucel,	&	Pantelis,	2009a;	Brüne,	2005;	Corcoran,	
Mercer,	 &	 Frith,	 1995;	 Harrington,	 Siegert,	 &	
McClure,	2005b;	Sprong,	Schothorst,	Vos,	Hox,	
&	 Van	 Engeland,	 2007).	 Additionally,	 altered	
activity	 (mostly	 weaker)	 in	 the	 neural	 under-
pinnings was found in schizophrenia compared 
to	healthy	controls	during	ToM	tasks	(e.g.,	Bru-
net-Gouet	&	Decety,	2006;	Russell	et	al.,	2000;	
Brunet,	 Sarfati,	 Hardy-Baylé,	 &	 Decety,	 2003;	
Walter	 et	 al.,	 2009;	 Brüne	 et	 al.,	 2008;	 Bara,	




mentioned	 –	 affected	 in	 patients	with	 schizo-
phrenia.	 However,	 until	 now	 cooperation	 is	 a	
form	of	social	interaction	that	has	received	little	
attention	in	the	research	of	schizophrenia	even	
though it is the very basis of social existence. 
Moreover,	perception	of	cooperation	 is	a	con-
tinuous	social	process	for	understanding	social	
relations.	 In	 studies	 investigating	 the	behavior	
in	 interactive	 games,	 it	 has	 been	 shown	 that	
patients	 violated	 rules	 of	 social	 exchange	 and	
showed	altered	cooperation	behavior	(reviewed	
in	 Wischniewski,	 Windmann,	 Juckel	 &	 Brüne,	
2009).	Motivated	by	this,	we	were	interested	in	
the basic neural processing of observed cooper-
ation	in	patients.
Besides	 that,	 there	 are	 considerations	 impli-
cating	 impaired	 ToM	 functioning	 with	 differ-
ent	 dimensions	 of	 psychopathology.	 Patients	
with	 paranoid	 schizophrenia	 suffer	 from	 per-
secutory delusions, accompanied by feelings of 
being watched, followed, or that others secretly 
communicate	 with	 gestures	 (M.	 Startup	 &	 S.	
Startup,	2005).	These	feelings	might	be	formed	
when	patients	make	false	inferences	regarding	
the	 intentions	 of	 others	 (C.D.	 Frith	&	U.	 Frith,	
1999).	More	specifically,	 it	has	been	proposed	
that	 patients	 might	 tend	 to	 ‘overmentalize’	 –
this	 means	 that	 they	mistakenly	 label	 actions	
as	having	more	intention	than	is	the	case	(Frith,	
2004)	–	or	exhibit	‘hyper-theory	of	mind’	(Abu-
Akel,	 1999).	 The	 role	 of	 impaired	 ToM	 in	 the	
formation	 of	 persecutory	 delusions	 has	 been	
discussed, but only a few empirical studies pro-
vided	evidence	for	this	relationship	(reviewed	in	
Blackwood,	 Howard,	 Bentall,	 &	Murray,	 2001;	
Chan	&	Chen,	2011;	Harrington,	 Langdon,	 Sie-
gert,	&	McClure,	2005a;	Park	et	al.,	2011).	Con-
sequently, more empirical research is needed 
to	 further	 investigate	 the	 possible	 relation	
between	ToM	deficits	and	delusions	(Freeman,	
2007).	
Subclinical	 perceptual	 aberrations	 and	 expe-
riences related to psychosis are present in the 
general	 healthy	 population	 (e.g.,	 schizotypal	
traits)	 (Claridge,	 1997;	 Stefanis	 et	 al.,	 2002).	
Moreover,	 schizotypy	 with	 particular	 positive	
subclinical	symptoms	(measured	using	a	schizo-
typal	 personality	 questionnaire)	 is	 supposed	
to	 reflect	 the	 biological-genetic	 vulnerability	




ical expression of the same underlying biolog-
ical	 factors	of	 schizophrenia	 (Van	Os,	 Linscott,	
Myin-Germeys,	 Delespaul,	 &	 Krabbendam,	
2009).	Besides	reported	behavioral	ToM	deficits	
in	association	with	mainly	positive	dimensional	
symptoms	 (with	 unusual	 beliefs	 and	 aberrant	
perceptions)	 (Pickup,	2006),	Modinos,	Renken,	
Shamay-Tsoory,	 Ormel,	 and	 Aleman	 (2010)	
recently revealed evidence for altered prefron-
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of	 cooperative	behavior	using	 functional	mag-
netic	 resonance	 imaging	 (fMRI).	 Therefore	we	
constructed	 a	 non-interactive	 paradigm	 using	
video	 material	 that	 showed	 two	 cooperating	
actors	 in	 the	 context	 of	 object	 manipulation.	
Thus,	the	ecological	validity	of	our	paradigm	is	
higher than in paradigms used in the majority of 
previous	studies	on	social	interaction	(which	for	
example used cartoons, animated geometric 
shapes,	and	verbal	stories;	e.g.,	Brunet,	Sarfati,	




actions.	 Furthermore,	 the	 paradigm	 is	 free	 of	
unnatural	explicit	instructions	for	retrospective	
attribution	 of	 mental	 states	 and	 of	 questions	
concerning	 the	 interaction.	 Comparable	 with	
real-life	social	situations	subjects	automatically	
infer	the	intentionality	of	others	automatic	and	
online	 in	 the	presence	of	detailed	 information	
on	 biological	 motions.	 The	 concept	 of	 using	
real-life	 situations	 and	 differentiating	 them	
from	more	artificial	explicit	stimuli	is	supported	
by a recent study by Das, Lagopoulos, Coulston, 
Henderson,	and	Malhi	(2012).	They	suggested	a	
specific	 impairment	 in	 the	 automatic	 process-





hypothesized	 that	 this	 cooperation	 processing	
network	 shows	 a	 difference	 in	 neural	 activity	
–	 with	 weaker	 activity	 in	 schizophrenia	 com-
pared	to	healthy	controls	during	perception	of	
cooperative	 behavior,	 and	 that	 these	 changes	
are	related	to	delusional	symptoms.	To	control	
for subclinical delusional experiences in healthy 




Nineteen	 patients	 (one	 female,	 18	 males;	 all	
right-handed)	 diagnosed	 with	 schizophre-




as well as past and present chart notes were 
included	 in	 the	 study.	 To	 ensure	 the	 absence	
of psychiatric disorders the German version of 





ical	 neuroleptics	 and	 14	 atypical	 neuroleptics	
with a mean chlorpromazine equivalent dose 
(CPZ;	Woods,	2003)	of	745.6	mg	(S.D.	500.8	mg)	
per	day.	Additionally,	four	patients	were	receiv-
ing	 SSRI	 medication.	 All	 patients	 were	 being	
treated	 as	 in-patients	 or	 were	 attending	 the	
day-clinic of the local departments of psychia-
try and psychotherapy. 
A	 total	of	19	healthy	 controls	 (one	 female,	18	
men;	 all	 right-handed)	 without	 a	 history	 of	
psychiatric	 disorders	 or	 first-degree	 relatives	
with	psychotic	illnesses	took	part	in	the	study.	
Healthy	 controls	were	matched	 to	 the	patient	
group	 on	 the	 basis	 of	 sex,	 age	 and	 education	
(see	Table	1).	All	subjects	were	paid	30	Euros	for	
participation	 and	 gave	 written	 informed	 con-
sent.	The	study	protocol	was	approved	by	the	
Table 1: Demographic and clinical characteristics of study participants
SCHIZ (n=19) CONTR (n=19) Statistics
Mean	age	(years) 30.0 ± 8.0 32.6 ± 8.7 n.s.
Male	to	female	ratio 18:1 18:1
Intelligence 107.1 ± 15.6 110.7 ± 16.1 n.s.
Mean	duration	of	Illness	(years) 8.0 ± 6.8 - -
Mean	CPZ	equivalents	(mg) 745.6 ± 500.8 - -
SANS 23.1	±	19.3 - -
SAPS 18.9	±	11.2 - -
Patients with schizophrenia (SCHIZ); control subjects (CONTR); ± indicates the standard deviation; 
chlorpromazine equivalent dose (CPZ), Scale for the Assessment of Negative Symptoms (SANS); 








All subjects responded to the 22 items of the 
self-report	 questionnaire	 SPQ-B	 (Schizotypal	
Personality	 Questionnaire-Brief;	 Raine	 &	 Ben-
ishay,	1995),	a	measure	of	psychosis	proneness.	
This	consists	of	three	subscales	that	assess	the	
degree to which an individual has schizophre-
nia-like	cognitive-perceptual	 (magical	 thinking,	
unusual experiences, ideas of reference, para-
noid	ideation	e.g.	‘When	shopping,	do	you	get	
the	feeling	that	other	people	are	taking	notice	
of	 you?’),	 interpersonal	 and	 disorganized	 fea-
tures.	In	patients	we	assessed	psychiatric	symp-
toms using the Scales for the Assessment of 
Positive	Symptoms	(SAPS,	Andreasen,	1984)	and	
Negative	 Symptoms	 (SANS,	 Andreasen,	 1983)	
in	advance.	Potential	differences	 in	 the	 intelli-
gence	were	estimated	using	a	 test	 for	crystal-
lized	 verbal	 intelligence	 (German	 vocabulary	
test,	Multiple	Choice	Word	Test,	MWT-B)	(Lehrl,	











different	 conditions:	 a)	 two	 persons	 manipu-
lated	everyday	objects	together	(C+)	and	b)	one	
person manipulated the same objects while 
the	other	was	 just	watching	 (C-).	The	only	dif-
ference	between	conditions	was	that	in	C+	the	
object was given to the main actor by the other 
actor, whereas in C- the main actor picked up 
the	 object	 himself	 (see	 Figure	 1).	 All	 settings	
were kept as natural as possible, the whole 
upper	part	of	the	actors’	bodies	was	visible	and	
the head was not covered. All video clips lasted 
8	s	with	at	least	0.5	s	delay	before	and	after	the	
onset	 and	 offset	 of	 action,	 respectively.	 The	
interaction	between	the	actors	took	place	after	
1.0	s	in	videos	in	the	C+	condition.
2.4 Experimental design and procedure
During the fMRI scanning procedure, videos 




conditions	were	 displayed	 in	 an	 event-related	
design. Every video was followed by a base-




sequences were generated. Subjects were 
instructed	to	watch	the	videos	attentively	and	
lie as relaxed and immobile as possible in the 
scanner.	We	 did	 not	 highlight	 different	 condi-
tions	in	order	to	leave	the	perception	of	cooper-
ation	rather	automatic	and	thus	more	natural.
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2.5 FMRI data acquisition
Participants	 were	 scanned	 at	 3T	 MR	 scanner	
(Siemens	 Trio,	 Erlangen,	 Germany)	 with	 36	
near-axial slices in ascending order and a dis-
tance factor of 10% providing whole brain cov-














ipants	 were	 asked	 to	 distinguish	 objects	 they	
had seen in the video from those not being pre-
sented. A list of 20 words with 10 new items and 
10 previously seen objects used by the actors 
in the videos was given to the subjects and 
they were asked to check boxes accordingly. 
The	sum	of	correctly	recognized	items	as	either	
shown or not shown in the videos was used as 
a	reference	for	attention	to	the	videos.	Before	
fMRI-measurement we did not point out that 
participants	 should	 infer	 the	 intention	 of	 the	
actors or that the actors cooperate in one kind 
of	 the	 videos.	 Therefore	 we	 checked	 for	 the	
perception	of	 cooperation	and	asked	whether	
they	 had	 detected	 a	 systematic	 difference	
between the videos and whether the coopera-
tion	between	the	actors	was	apparent	to	them.	
The	first	 question	 gave	 additional	 information	
about	whether	the	participants	were	aware	of	
the	two	different	conditions	while	watching	the	
videos. If not, one can assume that the process-
ing	 of	 the	 cooperation	 was	 rather	 automatic	
than	 explicit.	 The	 second	 question	 aimed	 at	
perception	of	cooperation	in	general.




USA).	 The	 first	 8	 volumes	 (dummy	 images)	 of	
the session were discarded from further anal-
yses.	 At	 first	 the	 remaining	 scans	 and	 the	 3D	
scan were manually assigned to the anterior 
commissure.	 To	 correct	 for	 head	 movement	
artifacts	 the	 functional	 images	were	 realigned	
for each subject to the mean image and the 
resulting	 mean	 EPI	 image	 was	 co-registered	
with	 the	 high-resolution	 structural	 T1	 image.	
Subsequently, images were segmented and the 
revealed	parameters	were	used	for	spatial	nor-
malization	 to	 the	 standard	 stereotactic	 space	
defined	by	the	Montreal	Neurological	Institute	
(MNI)	 template	 and	 resliced	 with	 a	 voxel	 size	
of	 3×3×3	mm.	Afterwards,	 they	were	 spatially	
smoothed using an 10 mm full width at half 
maximum	 (FWHM,	Mikl	 et	 al.,	 2008)	 isotropic	
Gaussian kernel to accommodate intersub-
ject	 variation	 in	brain	 anatomy,	 and	high-pass	
filtered	 at	 1/128	Hz	 to	 remove	 low	 frequency	
drifts.
For	the	analyses	we	used	a	fixed-effects	General	
Linear Model at the single subject level includ-
ing	 two	 regressors	 for	 the	 two	conditions	 (C+,	
C-)	convolved	with	the	hemodynamic	response	
function	 and	 the	 motion	 regressors.	 Time	 of	







eled the regressors in an event related design 
with	a	duration	of	zero.	Contrast	 images	were	
calculated	 for	 activation	 in	 the	 condition	with	
cooperation	(C+)	and	for	the	condition	without	
cooperation	(C-)	compared	to	the	baseline	acti-
vation	 (scrambled	 pictures).	 Furthermore,	 dif-
ferential	contrasts	were	calculated	 individually	
(C+>C-;	C->C+).
In	 the	 following	 second-level	 random	 effects	
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effects	 using	 a	 non-directional	 F-test.	 Explan-
atory	 differential	 contrasts	 between	 subjects	
and tasks were calculated using separate t-tests 
in individual second-level designs – one-sample 
t-tests in the case of comparisons within a group 
(e.g.,	 C+>C-	 in	 CONTR),	 two-sample	 t-tests	 in	
between	group	analyses	 (e.g.,	C-SCHIZ>C-CONTR)	–	
in	order	to	reveal	differences	in	activation	pat-
terns.	 The	 locations	 of	 the	 activation	maxima	
were	reported	as	MNI-coordinates	(Brett	et	al.,	
2002)	 and	 either	 family-wise	 error-corrected	
(FWE	p<.05;	in	interaction	analysis)	or	with	the	
False	Discovery	Rate	(FDR	p<.05;	in	t-tests).
To	 determine	 the	 possible	 relations	 between	
activation	patterns	on	the	one	hand	and	delu-
sional	 symptoms	 in	 patients	 or	 psychosis	
proneness in controls on the other, we per-
formed	 correlation	 analyses	 using	 SPSS	 21.0	










difference	 in	 attention	 to	 the	 videos	 between	
healthy	participants	(CONTR)	and	patients	with	
schizophrenia	(SCHIZ).	The	number	of	correctly	
identified	 objects	 did	 not	 differ	 significantly	




group and 47.4% of the control-group did not 
detect	the	systematic	difference	between	video	





Interaction between condition and group
Most	importantly,	we	found	a	significant	effect	




)	 versus	 (C+SCHIZ versus C-SCHIZ)]	 in	
the	 medial	 and	 lateral	 prefrontal	 areas	 (left	
superior medial gyrus, bilateral superior fron-
tal	 gyrus	 and	 left	middle	 frontal	 gyrus,	MFG),	
in the caudal part of the middle cingulate cor-
tex	(MCC,	BA	23),	and	in	the	left	angular	gyrus	
(ANG,	 BA	 39)	 (Table	 3	 and	 Figure	 2).	 Contrast	
estimates	(first	eigenvariate)	for	the	differently	





sections,	 all	 areas	 identified	 in	 the	 interaction	
analysis	 were	 significantly	 more	 activated	 in	
separate	differential	 contrasts	 (cf.	 supplemen-
tary	Table	1).
SCHIZ CONTR Statistics
Reading	the	Mind	Test	(mean) 22.1 ± 5.54 23.2 ± 3.04 n.s.*
Correctly	identified	objects	(mean)
from a word list 17.4 ± 2.81 18.16 ± 1.64 n.s.*
SAPS persecutory delusions 1.1 ± 1.2 - -
SPQ-B interpersonal	deficits 4.7 ± 2.1 1.5 ± 1.6 p<	0.001
cognitive-perceptual	
deficits
3.8 ± 1.8 0.6 ± 1.1 p<	0.001
disorganization 2.6	±	1.9 0.7 ± 1.1 p<	0.001
Patients with schizophrenia (SCHIZ); control subjects (CONTR); Multiple Choice Word Test (MWT-B); ± indi-
cates the standard deviation; Scale for the Assessment of Positive Symptoms (SAPS); Schizotypal Personality 
Questionnaire-Brief (SPQ-B); n.s. not significant, * t-tests comparison
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Explanatory differential contrasts within groups
In	 healthy	 CONTR,	 the	 activation	 contrast	
between	 object	 manipulations	 with	 coopera-
tion	 versus	 no	 cooperation	 (C+>C-,	 FDR	 corr.	
p<.05)	 revealed	 significantly	 higher	 activation	
in	the	bilateral	temporo-parietal	junction	(TPJ),	
more precisely in the right superior temporal 
gyrus	including	the	STS,	the	right	and	left	mid-
dle	 temporal	 gyrus,	 the	 left	 IPL	 including	 the	
supramarginal	gyrus	 (see	Figure	3	and	supple-






ing	 objects	 together.	We	 found	 no	 significant	
differences	 in	 the	 opposite	 contrast	 (C->C+)	
for	CONTR	(for	separate	baseline	contrasts	see	
Table 3: Statistical interaction [(C+
CONTR
 relative to C-
CONTR
) relative to (C+
SCHIZ







z                  
value




Left	Superior	Medial	Gyrus -3 50 34 77 5.07 0.003
Left	Superior	Frontal	Gyrus -18 56 22 4.91 0.005
-18 44 34 4.67 0.015
Left	Middle	Cingulate	Cortex -6 -31 40 40 4.95 0.004
Left	Angular	Gyrus -42 -73 31 38 5.24 0.001
Left	Middle	Frontal	Gyrus -27 20 52 11 4.66 0.016
Right Superior Frontal Gyrus 18 20 55 5 4.43 0.04














)]. Bars show mean contrast estimates of significant clusters 
from A medial prefrontal cortex (mPFC), B caudal parts of the middle cingulate cortex (MCC), C 
angular gyrus (ANG), D superior frontal gyrus (SFG) (p< .05, FWE corr., extent threshold (k)=5, error 














Explanatory differential contrasts between 
groups
The	difference	contrast	between	groups	in	the	
condition	 without	 cooperation	 (C-SCHIZ>C-CONTR, 






see	 supplementary	 Table	 1).	 In	 the	 condition	
with	 cooperation	 (C+SCHIZ	 versus	 C+CONTR)	 the	
activation	pattern	of	both	groups	did	not	differ	
significantly.




pattern	 in	 SCHIZ,	we	 paid	 special	 attention	 to	
the	conspicuous	increased	activity	 in	response	
to	 the	 C-	 condition.	 For	 further	 analysis	 we	
focused	on	the	 left	ANG,	mPFC	and	right	pSTS	
clusters. We found that persecutory delusions 




vation	 pattern	 is	 neither	 significantly	 related	
to	 the	 duration	 of	 illness	 (all	 p’s	 >.17)	 nor	 to	
medication	(all	p’s	>.57)	or	to	the	self-ratings	of	
cognitive-perceptual	 deficits	 in	 patients	 (sub-
scale	 SPQ-B;	 all	 p’s	 >.28).	 In	 CONTR	 the	 activ-
ity in the angular and medial prefrontal cluster 
in	 response	 to	 C-	 correlated	 significantly	 with	
the	 cognitive-perceptual	 deficits	 (ANG:	 r=.46,	
p=.049;	mPFC:	r=.48,	p=.04)	but	not	in	the	case	
of	pSTS	activation	(r=.28,	p=.24).
Figure 3.: Brain areas that increase in activation when processing videos showing two persons with 
A cooperation (C+) versus non-cooperation (C-) in healthy controls (CONTR), B non-cooperation ver-
sus cooperation in patients with schizophrenia (SCHIZ), or C when contrasting brain activation as 
response to non-cooperation in SCHIZ versus CONTR (A/B one-sample and C two-sample random 
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Discussion
The	 primary	 goal	 of	 the	 current	 experiment	
was	to	determine	possible	neural	differences	in	
the	perception	of	social	 interaction	in	patients	
with schizophrenia compared to a healthy con-
trol group. Five main results were obtained: 
(1)	 Perception	 of	 social	 interaction	 comprises	
co-activated	 MNS	 and	 ToM-related	 areas	 in	
healthy	 controls.	 (2)	We	 found	 a	 roughly	mir-
ror-inverted	 activation	 pattern	 in	 the	 medial	
and	 lateral	 PFC,	 the	MCC	 and	 the	 left	ANG	 in	
patients	with	 schizophrenia	 compared	 to	 con-
trols.	(3)	Patients	show	hyperactivation	in	parts	
of	 the	 ToM	 network	 (e.g.,	 pSTS,	 mPFC,	 ANG)	
during	 the	 non-social	 condition.	 (4)	 Further-
more,	 the	 altered	 activation	 pattern	 in	 pSTS,	
mPFC and ANG correlated with persecutory 
delusional	 symptoms	 in	 patients.	 (5)	 Even	 in	
healthy	 controls	 the	 activation	 in	 mPFC	 and	
ANG	 in	 response	 to	 the	 non-social	 condition	
was	related	to	cognitive-perceptual	deficits.
Network for perception of interactive 
behavior in healthy controls
At	first	we	discuss	the	non-pathological	neural	
network	 for	 perception	 of	 interactive	 behav-
ior	 in	healthy	participants	 that	 comprises	mir-
ror	 neuron-associated	 regions	 (e.g.,	 IPL,	 IFG)	
and	 ToM-related	 areas	 (mPFC,	 precuneus,	 TPJ	
including	 pSTS	 and	 ANG).	 Here,	 we	 provide	
further	 evidence	 for	 their	 co-activation	 in	 the	
perception	of	 social	 cooperation	as	 suggested	





differences	 in	 the	 direct	 comparison	 of	 two	
actors	 interacting	 versus	 two	 actors	 without	
interaction	 (differential	 contrast:	 C+>C-).	 Due	
to the higher recruitment of revealed regions 




an object is the common goal.
Typically,	 social	 cooperation	 in	 healthy	 par-
ticipants	 is	 studied	 with	 interactive	 games.	
Here	 we	 focused	 on	 passive	 observation	 of	
cooperation,	but	 the	neural	 correlates	 (mainly	
ToM-network	 and	MNS),	 are	 concordant	 with	
those	found	in	studies	using	interactive	games	
or	 cartoon	 stories	 (cf.	 Decety,	 Jackson,	 Som-
merville,	Chaminade,	&	Meltzoff,	2004;	Elliott,	
Völlm,	 Drury,	 McKie,	 Richardson,	 &	 Deakin,	
2006;	 Emonds,	 Declerck,	 Boone,	 Vandervliet,	
&	Parizel,	2012;	Lissek	et	al.,	2008;	Rilling,	San-
fey,	 Aronson,	 Nystrom,	 &	 Cohen,	 2004).	 As	
described	by	Van	Overwalle	and	Baetens	(2009)	
one could imagine that in this context the more 
basal	MNS	interacts	with	the	“mentalizing	sys-
tem”	by	providing	 intuitive	 input.	 Focusing	on	
the	 functionality	 of	 this	 “mentalizing	 system”,	
the	TPJ,	 also	 known	as	 the	 “social	 brain	 area”	
(Decety	&	Grèzes,	 2006)	 and	 as	 a	 core	 region	
for	 moment-to-moment	 social	 interaction	
(Redcay	et	al.,	2010),	monitors	the	orientation	
of the perceived behavior in order to predict 
its	 likely	 goal	 (Van	Overwalle,	 2009).	 Likewise,	
the	angular	gyrus,	as	part	of	the	TPJ,	 is	known	
for its involvement in processing complex social 
information	(e.g.,	immediate	social	interaction;	
reviewed	 in	Wible,	Preus,	&	Hashimoto,	2009)	
and	 its	 role	 in	 mentalizing	 tasks	 (see	 reviews	
in	 Decety	 &	 Lamm,	 2007;	Mar,	 2011;	 Spreng,	
Mar,	&	Kim,	2009)	–	for	example	inferring	inten-
tions	 (Mason	 &	 Just,	 2011).	 The	mPFC,	 which	
has been implicated in theory of mind as well 
(C.D.	Frith	&	U.	Frith,	2006),	seems	to	be	impor-




decoupling mental states from their environ-
ment	 (Brunet-Gouet	 &	 Decety,	 2006;	 Brüne,	
2005).	 Another	 activated	 region,	 namely	 the	
precuneus, has been linked to processing the 
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to	our	study,	perception	of	cooperation	(C+>C-)	
seems	 to	demand	disentangling	of	 actors’	 dif-
ferent	roles	in	the	performed	action	and	more	
complex	reasoning	about	their	 intentions.	This	




regions that have previously been shown to be 
associated	with	social	cognition.	
Differences between patients with 
schizophrenia and healthy controls







Mirror-inverted activation pattern in 
schizophrenia
The	interaction	analysis	comparing	healthy	con-
trols	 and	 patients	 with	 schizophrenia	 showed	
altered	activation	patterns	with	regard	to	condi-
tion	(C+/C-).	More	precisely,	we	found	a	roughly	
mirror-inverted	 deactivation	 and	 activation	





cognitive	 deficits	 observed	 in	 schizophrenia	
has	already	been	highlighted	by	Brunet-Gouet	
and	 Decety	 (2006),	 whereas	 the	 MCC	 has	
received	little	attention	in	literature,	despite	of	
its	involvement	in	social	exchange	(e.g.,	Tomlin	
et	 al.,	 2006).	 In	 line	with	our	findings,	 recruit-
ment	 of	 the	 cingulate	 cortex,	 mPFC	 and	 TPJ	
were	 reported	 in	 several	 cooperation	 tasks	 in	
healthy	 participants	 (e.g.,	 Brüne	 et	 al.,	 2011;	
Decety	et	al.,	2004;	Elliot	et	al.,	2006;	Lissek	et	
al.,	 2008).	 Also,	 a	 higher	 recruitment	 of	 these	
areas	 (especially	 the	mPFC)	 in	 healthy	 partici-
pants	compared	to	patients	has	been	observed	
previously	in	the	context	of	ToM	network	inves-
tigations	 (e.g.,	 Brunet	 et	 al.,	 2003;	 Lee	 et	 al.,	
2006).	 Interestingly,	 a	 comparable	 activation	
pattern	in	patients	was	found	in	a	study	regard-
ing	 the	processing	of	different	 intention	 types	
(Walter	et	al.,	2009).	Here	the	authors	found	a	
lack	of	deactivation	in	the	mPFC	and	left	TPJ	in	
their	 control	 condition	 (non-intentional	 causal	
sequence	 of	 events	 concerning	 objects)	 and	
decreased	activation/increased	deactivation	in	
all	of	the	intention-loaded	conditions	in	schizo-
phrenia compared to controls. 
The	 revealed	 interaction	 effect	 in	 our	 study	
can	 be	 explained	 best	 by	 the	 significant	 post-
hoc	 t-test	 comparisons	 focusing	 on	 patients.	
Most importantly, in SCHIZ the cingulate cor-
tex	(including	MCC),	mPFC,	in	the	TPJ	(including	
right	 pSTS,	 ANG,	 and	 IPL)	 showed	 specifically	
increased	 activation	 in	 response	 to	 the	 con-
dition	 without	 interaction	 (C-)	 compared	 to	
CONTR.	 Additionally,	 by	 comparing	 activation	
in	 SCHIZ	 between	 conditions	 (C->C+),	 we	 also	
found	mPFC	and	TPJ	 (including	 right	pSTS	and	
left	ANG)	to	be	significantly	more	activated.	
We should consider that the non-social con-
dition	 (C-)	 is	 not	 a	 simple	 control	 task.	 It	 also	
requires reference to mental states, even 
though	 intentions	 must	 be	 interpreted	 to	 a	
lesser extent. In line with this, it has been sug-
gested	that	the	ToM	mechanism	is	permanently	
online and constantly screens the mental states 
of	people	and	even	objects	(Walter	et	al.,	2009),	
which could make it prone to errors in some 
situations.	 We	 speculate	 that	 the	 non-social	
scenes	 (C-)	 elicit	 some	 ambiguity	 in	 patients	
and	 an	 overactivated	 mentalizing	 network	
(e.g.,	 pSTS,	mPFC,	ANG)	 therefore	 reflects	 the	
enhanced processing of social cues, searching 
for	 intentionality	 or	 over-attributing	 of	 inten-
tions	 to	 the	actors.	Besides	 its	 involvement	 in	
the	 observation	 of	 biological	 motion	 (Schultz,	
Friston,	 O’Doherty,	 Wolpert,	 &	 Frith,	 2005),	
especially eye, hand and mouth movements 
(Allison,	Puce,	&	McCarthy,	2000;	C.D.	Frith	&	U.	
Frith,	1999),	the	STS	is	presumed	to	be	involved	
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2004;	Perrett	et	al.,	1989;	Saxe	&	Wexler,	2005).	
Furthermore, it was depicted as a precursor 
for	ToM	by	mentally	imitating	others’	behavior	




and	 autism	 (Sugranyes,	 Kyriakopoulos,	 Corri-
gall,	Taylor,	&	Frangou,	2011).	In	contrast	to	the	
stimulus	material	 used	 in	 the	 studies	 referred	
to in this meta-analysis, we used more implicit 
stimuli,	which	may	have	induced	a	kind	of	ambi-
guity – which can also occur in real-life social 
situations	 –	 and	 which	might	 have	 led	 to	 the	
overactivation	of	 the	 STS	 in	 patients.	 Further-
more,	 hyperactivation	 of	 the	 STS	 (or	 TPJ)	 in	
social-cognitive	 control	 conditions	 in	paranoid	
schizophrenia	patients	has	been	found	by	some	
authors	 (Mier,	 Sauer,	 Lis,	 Esslinger,	 Wilhelm,	
Gallhofer,	 &	 Kirsch,	 2008;	 Pinkham,	 Hopfin-
ger,	 Pelphrey,	 Piven,	 &	 Penn,	 2008;	Walter	 et	
al.,	 2009).	All	 of	 these	 authors	 suggest	 a	 rela-
tionship	between	 the	STS	hyperactivation	and	
paranoid symptoms but none of them was able 
to	 demonstrate	 correlations	 with	 psychopa-




2009).	 It	 has	 been	 argued	 that	 patients	 with	





noid schizophrenia provide further evidence for 
this	notion	and	besides	 confirming	 the	 role	of	
the	 pSTS	 it	 additionally	 points	 to	 the	 involve-
ment	of	the	mPFC	and	the	ANG	in	hyper-ToM.	
Furthermore, there is some prior experimental 




Correlation with persecutory delusion
Despite	 findings	 of	 altered	 ToM	 processing	 in	
schizophrenia, it is unclear whether the altera-
tions	in	functioning	are	associated	with	perse-
cutory delusions. In the current study we show 
that	 the	 activation	 pattern	 in	 patients	 during	
action	 perception	 without	 interaction	 (C-)	 is	
correlated with persecutory delusions meas-
ured using the SAPS. 
Suggestions	about	the	role	of	ToM	in	the	forma-
tion	of	paranoid	delusions	have	a	 long	history	
in the literature. It has long been assumed that 
altered	 processes	 of	 social	 inference	 (Bentall,	
Corcoran,	 Howard,	 Blackwood,	 &	 Kinderman,	
2001;	 Frith,	 1992)	 or	 abnormal	 causal	 attribu-
tions	to	social	interactions	(Bentall	et	al.,	2001;	
Bentall,	 Kinderman,	 &	 Kaney,	 1994;	 Kaney	 &	
Bentall,	 1989)	may	play	a	 role.	More	 recently,	
some	 experimental	 evidence	 for	 a	 relation	
between the impairment of mentalizing and 
persecutory	 delusions	 was	 found	 (Blackwood	
et	 al.,	 2001;	 Harrington	 et	 al.,	 2005a;	 Park	 et	
al.,	 2011).	 In	 the	 first	 instance,	 our	 data	 sup-
port	the	suggestion	of	Wible	et	al.,	(2009),	who	
proposed	 in	 their	 review	 that	 overactivation	
of	the	inferior	parietal	(including	the	ANG)	and	
pSTS	regions	could	result	 in	several	symptoms	
of	 schizophrenia	 such	 as	 incorrect	 attribution	
of	 intentions	 and	 the	 significance	 of	 others’	
actions.
A	 recent	 study	 showed	 that	 the	perception	of	
video	material	 without	 conversation	 between	
two	 visible	 and	 independently-acting	 individ-
uals	 can	 implicitly	 elicit	 self-referential	 per-
ceptions,	 intention	 attribution,	 and	 anxiety,	
reflecting	a	paranoid	response,	which	was	more	
pronounced	in	patients	(Park	et	al.,	2011).	 It	 is	
conceivable that the same process took place 
when	 our	 patient	 group	 observed	 two	 actors	
without	 social	 interaction	 (C-).	 As	 already	
described	 in	 the	 previous	 section,	 with	 their	
hyperactive	 intention	 detector	 patients	 might	
perceive the observing actor suspiciously and 
overattribute	 any	 perceived	 intentions.	 This	
could	 explain	 the	 overactivation	of	 the	mPFC,	
ANG	and	pSTS	and	the	correlation	with	perse-
cutory delusion. In line with our reasoning that 
patients	perceive	 the	non-social	 condition	 (C-)	
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activation	 of	 the	 mPFC,	 Jenkins	 and	 Mitchell	
(2010)	 demonstrated	 that	 under	 ambiguous	
inferences	 the	 mPFC	 shows	 increased	 activa-
tion	 compared	 to	 unambiguous	 mental	 state	
inferences.	 Together	 with	 our	 findings	 of	 an	
overactivated	right	pSTS	in	the	condition	with-
out	 social	 interaction	 (C-),	 a	 structure	 that	 is	
known	to	perceive	shifts	in	gaze	(Pelphrey	et	al.,	
2004)	and	be	neural	biased	towards	threatening	
biological	 motion	 (Wheaton,	 Pipingas,	 Silber-
stein,	&	Puce,	2001),	it	is	possible	that	patients	
may	process	the	gaze	direction	of	the	watching	
actor	 in	 an	 abnormal	 threatening	way.	 This	 is	
consistent	with	 previous	 suggestions	 of	 selec-
tive	attention	to	threat-related	stimuli	in	schiz-




and	 abnormal	 computation	 of	 gaze	 that	 may	
contribute	 to	persecutory	delusions	 (Hoffman,	
2007).	 This	 is	 also	 in	 line	with	 the	 hypothesis	
that	an	originally	neutral	situation	could	be	rec-
ognized	as	threatening	due	to	increased	activity	
in	parts	of	 the	TPJ/IP/STS	 that	are	 responsible	
for	 fear	 processing	 (Wible,	 2012;	Wible	 et	 al.,	
2009).	 Taken	 together,	our	data	provide	novel	
experimental	 evidence	 for	 the	 existing	 theo-
retical	 assumption	 that	 increased	 activity	 in	





Psychosis proneness and altered activation 
in healthy controls 




typy	 scores	 the	 higher	 the	 activation	 in	 the	
non-social	condition	(C-)	in	the	current	clusters	
of	the	ANG	and	mPFC.	This	suggests	that	sub-
jects with high schizotypy scores might recruit 
their	network	 in	 the	non-social	 scene	 (C-)	 in	a	
more	similar	way	to	patients	than	subjects	with	
low schizotypy scores. Hence, possibly related 
over-intentionality	may	reflect	a	trait-like	defi-
cit,	 increasing	 the	 risk	 for	 schizophrenia	 (see	
Bora,	 Yücel,	 &	 Pantelis,	 2009b;	 Brüne,	 2005;	
Penn,	Sanna,	&	Roberts,	2008).	Recent	behavio-
ral studies have pointed at poorer performance 
in	ToM	tasks	–	mostly	written	or	picture	stories	
or the Reading the Mind in the Eyes task – in 





vious neuroimaging results showing that indi-
viduals who scored high in psychosis proneness 
showed	 greater	 activation	 of	 prefrontal	 areas	
during mentalizing than those with low scores 
(Modinos	 et	 al.,	 2010).	 Similar	 results	 were	




and	by	 suggesting	a	possible	 role	of	 the	ANG.	
And contrary to these authors, who interpreted 
the	higher	activation	in	prefrontal	regions	as	a	
compensatory mechanism in order to achieve 
adequate	ToM	functioning,	we	propose	that	 it	
could	 reflect	 a	 tendency	 to	 overmentalizing.	
These	findings	 are	of	 great	 importance	 for	 an	





addressed.	 At	 first,	 all	 patients	 received	med-
ication.	 However,	 the	 performed	 correlation	
analysis	 with	 the	 first	 eigenvariate	 of	 studied	
clusters	and	the	medication	revealed	that	there	
is	 no	 effect	 of	 medication	 on	 the	 activation	
pattern	 in	 respective	brain	 regions.	Second,	 in	
contrast to healthy subjects, we found no rela-
tion	of	schizotypy	scores	and	activation	pattern	
in	patients.	This	might	be	due	to	the	 fact	 that	
the	 reliability	 and	 validity	 of	 the	 SPQ-B	 was	
assessed	 in	nonclinical	populations	or	patients	
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Fonseca-Pedrero,	 Paíno-Piñeiro,	 Lemos-Girál-
dez,	 Villazón-García,	 &	 Muñiz,	 2009;	 Raine	 &	
Benishay,	1995)	or	 in	heterogeneous	 inpatient	
populations	with	mixed	support	(Axelrod,	Grilo,	
Sanislow,	 &	 McGlashan,	 2001).	 However,	 it	 is	
not clear whether this scale is appropriate for 
patients	with	paranoid	schizophrenia	who	suf-
fer	from	excessive	cognitive-perceptual	deficits	
of clinical relevance. Anyway, the persecutory 
delusion subitem of the well-established SAPS 
correlated	with	the	activation	and	provides	an	
adequate	 explanation	 for	 the	 hyperactivation	
in	 patients	 in	 response	 to	 the	 non-coopera-
tive	 condition.	 Third,	 it	 has	 to	 be	 noted	 that	
additional	25	percent	of	CONTR	 (compared	 to	








behavior is altered in paranoid schizophrenia in 
a	mirror-inverted	way.	In	schizophrenic	patients	
the prefrontal-parietal network showed a trend 
towards	 attenuation	 in	 response	 to	 the	 coop-
erative	context,	but	was	significantly	increased	
in	 the	 non-cooperative	 context	 compared	 to	
controls.	 Furthermore,	 the	 latter	 finding	 was	
associated	with	delusions	in	patients.	The	more	
severe the delusional symptomatology the 
higher	 was	 the	 activation	 in	 the	 mPFC,	 ANG	
and	pSTS	during	perception	of	non-cooperative	
behavior. Hereby we provide novel experimen-
tal	 evidence	 for	 the	 idea	 of	 an	 overactivated	
ToM	 network	 in	 patients,	 which	might	 reflect	





of	 gaze).	 A	 tendency	 to	 overmentalizing	 was	
even	present	 in	healthy	participants	with	sub-
clinical	 schizotypal	 cognitive-perceptual	 defi-
cits.	Therefore,	our	study	supports	the	assump-
tion	 that	 the	 ToM	 network	 (especially	 mPFC,	
ANG	and	pSTS)	plays	an	 important	 role	 in	 the	
formation	of	delusions.
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Table 1: Brain areas showing increased activity to different conditions 
Area
MNI coordinates
  x         y        z
Cluster 
size
z         
value







Right	Superior	Temporal	Gyrus	 69 -40 13 216 4.7 0.021
Right	Middle	Temporal	Gyrus 51 -34 1 4.17 0.031
Right	Superior	Temporal	Gyrus 48 -43 13 3.9 0.035
Left	Precuneus -3 -46 46 73 4.39 0.025
Right	Middle	Temporal	Gyrus 51 -70 4 41 3.96 0.035
Right	Superior	Occipital	Gyrus 18 -88 34 24 3.67 0.047
Left	Middle	Temporal	Gyrus	 21 -91 22 3.66 0.047
Left	Inferior	Parietal	Lobule -54 -67 16 21 3.63 0.047
-48 -70 22 3.57 0.047
Right Superior Medial Gyrus -51 -58 46 13 3.43 0.047
Left	Supramarginal	Gyrus 12 50 37 13 4.08 0.031
Left	Inferior	Frontal	Gyrus	(BA44) -57 -52 31 8 3.51 0.047








Left	Middle	Frontal	Gyrus	* -33 23 37 7879 4.83 0.009
Left	Middle	Cingulate	Cortex	* -6 -16 43 4.25 0.026
Left	Superior	Frontal	Gyrus	* -12 44 31 4.25 0.026
Left	Angular	Gyrus	* -39 -55 28 4.25 0.026
Right	Superior	Temporal	Gyrus 66 -22 -2 166 3.42 0.026
Right	Middle	Temporal	Gyrus 63 -22 -11 3.14 0.030
Right	Superior	Temporal	Gyrus 66 -10 -2 3.08 0.031
Left	Middle	Temporal	Gyrus -60 -25 1 75 3.10 0.030
Left	Middle	Temporal	Gyrus -63 -19 -11 2.78 0.036
Left	Superior	Temporal	Gyrus -60 -16 7 2.64 0.040
Left	Paracentral	Lobule -6 -34 67 7 2.66 0.039
Right Superior Frontal Gyrus * 18 50 -2 6 2.74 0.037
C-SCHIZ>C-CONTR
Right	Precentral	Gyrus	(BA	6) 42 -10 52 854 4.29 0.038
Right Middle Cingulate Cortex 6 -28 46 4.10 0.038
Left	Middle	Cingulate	Cortex	* -9 -25 43 3.94 0.038
Right Superior Frontal Gyrus * 24 29 49 643 4.08 0.038
Left	Superior	Frontal	Gyrus	* -12 38 43 3.87 0.038
Right Superior Medial Gyrus 12 44 37 3.82 0.038
Right Putamen 27 2 13 154 4.02 0.038
30 8 -5 3.65 0.038
Right Pallidum 24 2 -5 3.24 0.043
Left	Postcentral	Gyrus	(BA	6) -45 -13 49 140 4.59 0.038
Left	Precentral	Gyrus	(BA	6) -27 -13 55 2.88 0.049
Left	Putamen -24 -1 7 76 3.46 0.040
Right Angular Gyrus 45 -55 28 68 3.38 0.042
Right	Superior	Temporal	Gyrus	 60 -55 22 3.08 0.044
Right Inferior Parietal Lobule 60 -52 43 2.92 0.047
Right Anterior Cingulate Cortex 6 26 13 64 3.52 0.039
9 38 4 3.23 0.043
Right Posterior Cingulate Cortex 9 -46 28 30 3.25 0.043
Left	Anterior	Cingulate	Cortex -9 38 7 18 3.14 0.044
C+
CONTR
>C+SCHIZ  n. s. 
Separate t-tests. p<.05 FDR corr. k=5. * area significant in interaction analysis; Patients with schizophrenia (SCHIZ);
 control subjects (CONTR); nSCHIZ/nCONTR =19/19
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         x         y        z
Cluster 
size
z         
value







Left	Inferior	Parietal	Lobule	(BA	40) -33 -40 49 5562 7.27 0.000
Right	Inferior	Parietal	Lobule	(BA	40) 36 -34 49 7.14 0.000
Right	Superior	Parietal	Lobule	(BA	7) 36 -46 61 6.49 0.000
Left	Precentral	Gyrus	(BA	6) -27 -10 58 615 5.75 0.000
-54 5 34 5.68 0.000
Right	Superior	Frontal	Gyrus	(BA	6) 30 -10 61 222 5.66 0.000
Right	Inferior	Frontal	Gyrus	(BA	44) 36 8 31 156 3.43 0.004
54 11 31
Right	Cingulate	Gyrus	(BA	31) 21 -37 16 88 3.31 0.006
Left	Posterior	Cingulate	(BA	29) 0 -40 7 77 3.24 0.007
Left	Cerebellum 0 -34 -5 3.05 0.012
Left	Caudate	 -18 29 -2 65 3.47 0.004
Left	Anterior	Cingulate	Gyrus	(BA	32) -15 23 13 2.94 0.016
Right Caudate 18 29 -5 52 3.86 0.001
Left	Cingulate	Gyrus	(BA	31) -21 -22 28 21 2.82 0.022





Left	Inferior	Parietal	Lobule	(BA	40) -33 -40 49 8169 7.65 0.000
Right	Inferior	Parietal	Lobule	(BA	40) 36 -34 49 7.45 0.000
Left	Middle	Occipital	Gyrus	(BA	19) -24 -76 31 6.96 0.000
Right	Superior	Parietal	Lobule	(BA	7) 24 -58 58 6.27 0.000
Right	Inferior	Frontal	Gyrus	(BA	44) 42 8 34 372 4.09 0.000
Right	Precentral	Gyrus	(BA	6) 27 -13 58 310 6.21 0.000
Left	Posterior	Cingulate	Cortex	(BA	29) -3 -40 10 261 3.70 0.001
Right Cerebellum 3 -34 -2 3.23 0.005
Right	Parahippocampal	Gyrus	(BA	30) 21 -34 16 2.91 0.013
Left	Caudate	Nucleus -3 17 1 86 3.49 0.003
-15 26 1 3.12 0.007
Right Caudate 18 29 -5 69 3.87 0.001
Right	Middle	Frontal	Gyrus	(BA	10) 30 62 7 34 3.02 0.010
Right	Superior	Temporal	Gyrus	(BA	40/42) 69 -34 19 26 3.11 0.008
Left	Cingulate	Gyrus	(BA	31) -21 -22 28 19 2.87 0.015
Left	Thalamus	 0 -16 13 12 2.53 0.034
t-tests, p<.05 FDR corr. k=10. Control subjects (CONTR); nCONTR =19;  
ISI = inter-stimulus-interval i.e., baseline condition (scrambled picture of a video frame)
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this system in schizophrenia. 
Method:	We	carried	out	a	functional	magnetic	resonance	imaging	study,	measuring	19	pati-
ents	with	paranoid	schizophrenia	and	19	healthy	matched	controls	while	they	observed	and	
executed	grasp-movements.	Functional	 connectivity	of	 the	 inferior	 frontal	gyrus	 (IFG)	and	
inferior	parietal	lobe	(IPL),	as	part	of	the	MNS,	was	compared	between	groups.
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Introduction
Schizophrenia has been conceptualized as a 
disorder	 of	 the	 “social	 brain”	 (Burns,	 2006).	
Social	 cognition	 deficits	 are	 counted	 among	
its	 core	 characteristics	 (Frith,	 1992).	 Several	
domains	of	social	cognition	are	affected:	theory	
of	mind	abilities	 (ToM)	 (e.g.,	Bora	et	al.,	2009;	
Brüne,	 2005;	 Sprong,	 Schothorst,	 Vos,	 Hox,	 &	
Van	 Engeland,	 2007),	 perception	 of	 coopera-
tion	(e.g.,	Backasch	et	al.,	in	press),	attributional	
biases	 (Langdon,	 Ward,	 &	 Coltheart,	 2010),	
emotion	 recognition,	 social	 perception	 (Green	




abilities	 (e.g.,	 empathy,	 theory	of	mind,	 imita-
tion).	These	abilities	seem	to	have	 in	common	
that	 they	 are	 subserved	 (amongst	 others)	 by	
the	mirror	neuron	system	(MNS;	Carr,	Iacoboni,	
Dubeau,	 Mazziotta,	 &	 Lenzi,	 2003;	 Rizzolatti,	
Fogassi,	&	Gallese,	2001,	Rizzolatti	&	Fabbri-De-
stro,	 2008).	 This	 network	 consists	 of	 neurons	
that	 discharge	 both	 during	 action	 production	
and	observation	of	a	similar	action	performed	
by	another	actor	 (in	monkeys:	Gallese,	Fadiga,	
Fogassi,	 &	 Rizzolatti,	 1996;	 Rizzolatti,	 Fadiga,	
Gallese,	&	Fogassi,	1996;	in	humans:	Mukamel,	
Ekstrom,	 Kaplan,	 Iacoboni,	 &	 Fried,	 2010)	 -	
especially	 when	 hand-object-interactions	 are	
involved	 (Gallese	 et	 al.,	 1996;	 Iacoboni	 et	 al.,	
2005).	 The	 network	 provides	 a	 motor-based	
understanding	of	an	observed	motor	act’s	goal	
performed by another individual through a 








ally linked in a neural circuit. It is supposed that 
this MNS circuit in the human brain starts with 
coding	 early	 visual	 descriptions	 of	 observed	
actions	 in	 the	 superior	 temporal	 sulcus	 (STS).	






Rizzolatti	 et	 al.,	 2001;	 Rizzolatti	 &	 Craighero,	
2004;	 Van	Overwalle	&	 Beatens,	 2009).	 Then,	
information	is	passed	back	to	the	IPL	(Iacoboni,	
2005;	Keysers	&	Perrett,	2004;	Schippers	&	Key-
sers,	 2011)	 and	 the	 STS	 (Iacoboni,	 2009;	 for	 a	
discussion	 see	 Kilner,	 Friston,	 &	 Frith,	 2007).	
Besides	 well-documented	 anatomical	 connec-








be	 responsible	 for	 social	 deficits	 (Dapretto	 et	
al.,	2006;	Perkins,	Stokes,	McGillivray,	&	Bittar,	
2010;	Rizzolatti	&	Fabbri-Destro,	2010),	although	
the	 relationship	 is	 still	 controversial	 (e.g.,	 Fan,	
Decety,	Yang,	 Liu,	&	Cheng,	2010).	Due	 to	 the	
phenomenological	overlap	between	autism	and	
schizophrenia	in	impaired	social	cognition	e.g.,	





Surprisingly, however, there is a lack of studies 
investigating	 MNS	 functioning	 in	 schizophre-
nia	 (Brunet-Gouet	 et	 al.,	 2011).	 A	 few	 stud-
ies	 showed	 an	 altered	 network	 for	 emotional	







execution	 and	 observation	 in	 schizophrenia	
comes to date only from three heterogeneous 
electrophysiological	 studies	 (Enticott	 et	 al.,	
2008;	McCormick	et	al.,	2012;	Schürmann	et	al.,	
2007). Given the strong hypothesizing regarding 
a	 difference	 of	 MNS	 activity	 in	 schizophrenia	
on the one hand and scant empirical evidence 
for	 this	 notion	 on	 the	 other	 hand,	we	 believe	
that	social	cognition	deficits	not	caused	by	focal	
brain	abnormalities	within	 the	MNS	and	there	
is	 a	 need	 to	 study	 interactions	 between	MNS	
areas	 in	 schizophrenia	 using	 fMRI	 functional	
correlation	analysis.	The	idea	that	schizophrenia	
in	general	is	not	a	failure	of	focal	brain	function-









In	 line	 with	 the	 reasoning	 of	 Enticott	 et	 al.	
(2008),	we	hypothesize	that	a	neural	functional	
dysconnectivity	 between	 areas	 of	 the	 MNS	
network in schizophrenia is responsible for 
action-perception	matching	and	thus	deficits	in	
social	 cognition.	 In	order	 to	 test	 this	hypothe-
sis we designed a MNS-task with hand-object 
interaction	and	three	conditions:	action	obser-
vation,	action	execution	and	imitation.	Besides	







connected	 (e.g.,	 Friston,	 1994).	 We	 expected	
that	 the	 functional	 connections	 between	 IFG	








Nineteen	 right-handed	 patients	with	 paranoid	
schizophrenia	 (SCHIZ,	 without	 comorbid	 psy-
chiatric disorders)	 diagnosed	 by	 two	 indepen-
dent psychiatrists on the basis of interviews 
with	patients	and	relatives	as	well	as	past	and	
present chart notes, according	 to	 DSM-IV	 cri-
teria	 (American	 Psychiatric	 Association,	 1994)	
were included in the study. All	 patients	 were	
taking	medication	at	the	time	of	the	study.	Five	
patients	 were	 receiving	 typical	 neuroleptics	
and	14	 atypical	 neuroleptics	 (see	 Tab.1,	 chlor-
promazine	 equivalent	 dose;	 Woods,	 2003).	
Additionally,	 four	patients	were	 receiving	 SSRI	
medication.	All	patients	were	being	treated	as	
inpatients	 or	 were	 attending	 the	 day-clinic	 of	
the local departments of psychiatry and psy-
chotherapy. 
A	 total	 of	 19	 right-handed	 healthy	 controls	
(CONTR)	 without	 a	 history	 of	 psychiatric	 dis-
orders	 or	 first-degree	 relatives	with	 psychotic	
illnesses	 took	 part	 in	 the	 study.	 To	 ensure	
the absence of psychiatric disorders the Ger-
man version of the Structured Clinical Inter-
view	 for	 DSM-IV	 Axis	 I	 Disorders	 (SCID-I;	Wit-
tchen,	 Wunderlich,	 Gruschwitz,	 &	 Zaudig, 
1997)	 was	 conducted.	 Healthy controls were 
matched	 to	 the	 patient	 group	 on	 the	 basis	 of	
sex,	age,	education	and	intelligence	(estimated	
using a German vocabulary test, the Mehr-
fachwahl-Wortschatz-Intelligenztest,	 MWT-B	
by	Lehrl,	 Triebig,	&	Fischer,	1995).	All	 subjects	
gave	 written	 informed	 consent	 and	 the	 local	
ethics	committee	approved	the	study	protocol.
2.2. Experimental design and stimuli 
presentation
We	 used	 a	 MNS-task	 with	 object	 interaction	
and	 three	 conditions:	 action	 observation,	
action	 execution	 and	 imitation.	While	 lying	 in	
the	MRI	scanner,	participants	had	a	3x3	squared	
“mini-chessboard”	on	their	 lab,	a	chessman	 in	
their right hand and watched videos with an 
actor	moving	a	chessman	in	a	certain	direction	
and	back	 to	 the	middle	 field	 (observation,	O).	
This	 condition	 alternated	 with	 two	 separate	
conditions	 both	 without	 visual	 feedback:	 par-
ticipants	were	either	 instructed	 to	move	 their	
own chessman in exactly the same way as the 
actor	 seen	 before	 (action	 imitation,	 Ai)	 or	 to	
move	 the	 chessman	 in	 another	 way	 (action	
execution,	Ae)	(Figure	1).	This	procedure	allows	
for	an	analysis	of	shared	activation	in	the	brain	
in	 response	 to	 all	 conditions	 and	 therefore,	 it	
is possible to evaluate brain areas with mirror 
properties,	 i. e.,	 coding	observation	as	well	 as	
action	 performance	 in	 the	 same	 neural	 struc-
tures.	 In	detail,	 the	observation	 (O)	 as	well	 as	
the	action	conditions	(Ae/Ai)	lasted	4	s	and	the	
sequence	 of	 conditions	 was	 predefined	 in	 a	
pseudorandom	order	to	avoid	time-locked	con-
ditions.	That	means,	that	the	observation	tasks	
were	not	 followed	by	 the	action	 conditions	 in	
general, rather they were presented in smaller 
blocks	(e.g.,	O,	O,	O,	Ae,	Ai,	Ae,	O,	Ai,	Ae,	O,	O).	
The	specific	action	task	was	 indicated	through	
a	 red	fixation	 cross	 and	either	 in	 combination	
with	 a	 target	 circle	pointing	on	a	 certain	field	
(Ae)	 or	 without	 a	 circle	 implying	 that	 partici-
Figure 1: Schematic	representation	of	the	stimuli:	Participants watched videos showing an actor 
who is moving a chessman (O), followed by an inter stimulus interval of 4-6.8 s (ISI) and either a 
display of a fixation cross and a circle indicating how the participants should move the chessman by 







last	 observation	 condition	 (Ai).	 The	 latter	 task	
was	interspersed	to	ensure	that	the	participants	
were	 attentively	 watching	 the	 videos	 (O).	 An	
inter-stimulus	interval	(ISI)	with	variable	length	
(4-6.8	s)	was	introduced	between	conditions	as	
a	 baseline	 condition	 to	 jitter	 stimulus	 onsets.	
After	a	training	procedure	outside	the	scanner	
in	order	to	ensure	that	all	participants	are	able	
to	 perform	 the	 task,	 participants	 underwent	
functional	magnetic	 resonance	 imaging	 (fMRI)	
with the chessboard on their lap. Neither the 
chessboard	nor	the	own	actions	were	visible	for	




the	 BOLD	 (blood	 oxygen	 level	 dependent)	
response	was	measured.	The	hand	movements	
were videotaped and the task performance was 
controlled on-line by the experimenter.
2.3. FMRI data acquisition
Participants	were	 scanned	 at	 3T	 scanner	 (Sie-
mens	Trio,	Erlangen,	Germany)	with	36	near-ax-
ial slices and a distance factor of 10% providing 
whole brain coverage. An echo planar imaging 
(EPI)	sequence	was	used	for	acquisition	of	354	
functional	volumes	during	the	experiment	(rep-
etition	 time	 =	 2.19	 s,	 echo	 time	 =	 30	ms,	 flip	
angle	=	90°,	slice	thickness	=	3	mm,	field	of	view	
=	192	mm,	voxel	resolution	=	3	x	3	mm).	After	
the	 functional	 run,	 an	anatomical	 high-resolu-
tion	 T1-weighted	 3-D	 scan	was	 acquired	 (rep-





2.4. FMRI data analysis
Functional	MRI	data	were	analyzed	using	SPM8	
(www.fil.ion.ucl.ac.uk/spm)	 implemented	
in	 MATLAB	 7.5	 (Mathworks	 Inc.,	 Sherborn,	
Mass.,	 USA).	 The	 first	 11	 volumes	 of	 the	 ses-
sion	 (dummy	 images),	 which	 were	 acquired	
while	 participants	 read	 the	 final	 instructions,	
were	discarded	 from	 further	 analyses.	 At	 first	
the remaining scans and the structural image 
were manually assigned to the anterior com-
missure.	 To	 correct	 for	 head	 movement	 arti-
facts	 the	 functional	 images	were	realigned	for	
each	 subject	 to	 the	 first	 image	 of	 each	 time	
series and again realigned to the mean image. 
All	functional	images	were	corrected	for	a	tem-
poral	 shift	 in	 acquisition	 (slice	 timing).	 After-
wards,	the	resulting	mean	functional	image	was	
co-registered	 with	 the	 high-resolution	 struc-
tural	 T1	 image	 to	 align	 the	 latter	 in	 the	 same	
space	 as	 the	 functional	 images.	 Subsequently,	
individual	T1	images	were	segmented	based	on	
gray	and	white	matter	and	the	revealed	param-
eters	 were	 used	 for	 spatial	 normalization	 for	
the	 functional	 images	 to	 the	 standard	 stereo-
tactic	space	defined	by	the	Montreal	Neurolog-
ical	Institute	(MNI)	template	and	resliced	with	a	
voxel size of 3×3×3 mm. Finally, they were spa-
tially	smoothed	using	a	10	mm	full	width	at	half	
maximum	(FWHM)	isotropic	Gaussian	kernel	to	
accommodate	 intersubject	 variation	 in	 brain	
anatomy,	and	high-pass	filtered	at	1/128	Hz	to	
remove	low	frequency	drifts.
Table 1: Demographic and clinical characteristics of study participants
SCHIZ	(n=19) CONTR	(n=19) Statistics
Mean	age	(years) 30.0 ± 8.0 32.6 ± 8.7 n.s.
Male	to	female	ratio 18:1 18:1
Intelligence 107.1 ± 15.6 110.7 ± 16.1 n.s.
Mean	duration	of	Illness	(years) 8.0 ± 6.8 - -
SANS 23.1	±	19.3 - -
SAPS 18.9	±	11.2 - -
Mean	CPZ	equivalents	(mg) 745.6 ± 500.8 - -
Patients with schizophrenia (SCHIZ); control subjects (CONTR); ± indicates the standard deviation; Scale 
for the Assessment of Negative Symptoms (SANS); Scale for the Assessment of Positive Symptoms (SAPS); 






To	 look	 for	 areas	 of	 overlap	 of	 activation	 in	
execution	and	observation	conditions	and	thus	
reveal	the	MNS	we	used	a	test	for	conjunction	
(“conjunction	 null“	 implemented	 in	 SPM8,	 as	
proposed	by	Nichols,	Brett,	Andersson,	Wager,	
&	 Poline,	 2005).	 Therefore	 the	 regressors	 of	








trasts	 for	 the	 conditions	 separately:	We	 com-
pared	 activation	 in	 controls	 versus	 patients	
both	 in	 response	 to	 observation	 (O
CONTR
>OSCHIZ)	
and	 the	 two	 action	 conditions	 combined	
(Ai+Ae
CONTR









vation	maxima	 were	 reported	 as	MNI-coordi-






studied	 functional	 connectivity	 MRI	 (fcMRI)	
using the seed-voxel approach. With regard to 
our	 prespecified	 hypotheses,	 i.e.,	 an	 altered	
connectivity	 between	 MNS	 areas	 rather	 than	












inferior	 parietal	 lobe	 (IPL)	 at	 [-36,-43,46;	 36,-
43,52].	Starting	at	these	peak	activations	on	the	
group	 level,	we	 identified	the	next	 local	maxi-
mum	within	each	subject	(in	clusters	exceeding	
5	 voxels)	 to	 account	 for	 interindividual	 altera-
tions	in	activation	patterns	for	the	observation	
condition	 versus	 baseline	 (O>ISI,	 p<0.1	 uncor-
rected).	We	 limited	 this	 procedure	 by	 using	 a	
restriction	 to	 IFG	 and	 IPL	 masks	 (using	 Wake	
Forest	Pick	Atlas	toolbox	for	SPM	8	(http://fmri.
wfubmc.edu)).	Second,	we	extracted	individual	
time	 series	 from	 all	 seed	 regions	 in	 a	 sphere	
of a 5 mm radius. We corrected the extracted 
time	series	for	task-related	variance	and	noise	











Fourth, we performed a second-level group 
analysis.	The	connectivity	maps	were	compared	




execution	according	 to	 a	 recent	meta-analysis	
by	 Molenberghs,	 Cunnington,	 and	 Mattingley	
(2012).	The	ROI	mask	consisted	of	bilateral	IFG	
(BA	44),	 IPL,	BA	6	and	pSTS	 (sphere	of	10	mm	
around	 [±51,-43,	22]).	 The	 locations	of	altered	
connectivity	 were	 reported	 on	 the	 level	 of	
p<.05	FWE	corrected	on	peak	level.	
Results
At	 first,	 the	 on-line	monitoring	 by	 the	 experi-
menter revealed that all subjects carried out the 
task	correctly.	At	 the	beginning	of	 this	section	
we	 describe	 the	 results	 of	 the	 task	 activation	
analysis	and	report	similarities	 in	the	observa-
tion-execution	matching	system	as	well	as	dif-






controls	 (CONTR).	Afterwards,	we	 refer	 to	dif-
ferences	 in	 functional	 connectivity	within	 this	
network between groups.
Areas involved in observation-execution 
matching in both groups 
Conjunction	 analysis	 of	 activity	 in	 the	 obser-
vation	(O),	action	execution	(Ae)	and	imitation	
(Ai)	 condition	 revealed	 a	widespread	 network	
encompassing	regions	that	are	activated	during	
both	 action	 observation	 and	 execution.	 Main	
activation	 centers,	 for	 both	 patients	 and	 con-
trols, were found in the bilateral inferior pari-
etal	lobe	(IPL),	right	superior	parietal	lobe	(SPL),	
bilateral	 BA	 6	 (including	 precentral	 gyrus	 and	
supplementary	 motor	 area),	 bilateral	 inferior	
frontal	gyrus	 (IFG,	BA	44),	and	temporal	areas	
(such	 as	 the	 right	 posterior	 sulcus	 temporalis	




very similar network, even though with smaller 
cluster	 sizes	 in	 patients	 (see	 Fig.2).	 Although,	
we	included	the	Ai	condition	primarily	to	main-
tain	 the	 participant’s	 attention	 to	 the	 videos,	




we	 combined	 both	 to	 one	 action	 condition	
(Ae+Ai)	in	the	performed	analysis.
Differences in levels of brain activity in the 
observation-execution matching system in 
SCHIZ
Importantly,	 significant	 differences	 between	
brain	activity	 in	CONTR	and	SCHIZ	were	 found	







Figure 2.: Areas involved in observation-execution matching in SCHIZ and CONTR. (A) 
Conjunction analysis [O∩(Ai+Ae)] for both groups separately revealed overlapping regions 





=19; for illustration purposes we chose a threshold of T>6; color bars show the 
corresponding T-value. (B) Significant differences within the observation-execution matching 









)] (C) shows mean contrast estimates extracted from 





[9,-49,7]	 (cluster	 size	15	 voxels,	 p=.006	 signifi-





Figure 3.: Reduced connectivity in SCHIZ, compared to CONTR in the execution-observation 
matching network: A shows seeds in IFG and IPL indicated through white blobs centered on peak 
activity at [-51,5, 28; 54, 10, 28] and [-36,-43,46; 36,-43,52]. Reduced functional connectivity of 
seeds (IPL in blue (R) and green (L), right IFG in red) to (B) other MNS regions and (C) regions 





Differences in functional connectivity
To	 investigate	 differences	 of	 functional	 con-
nectivity	in	the	execution-observation	network	
between groups, we chose seeds from the 
best-validated nodes of the MNS, namely the 
IPL	and	IFG.	The	connectivity	maps	of	all	seeds	
revealed	 a	 widespread	 network	 (see	 supple-
mentary	 Fig.3).	 Therefore	 we	 limited	 further	
statistical	 analysis	 between	 groups	 to	 ROIs	
within	MNS	regions	(see	Fig.3B,	upper	right).	
Both	 IPL	 seed	time	series	 showed	significantly	
lower	correlations	with	the	right	pSTS	and	right	
IFG	 in	 patients	 with	 schizophrenia	 (see	 Tab.2,	
Fig.3B)	 than	 in	 controls.	 Significantly	 reduced	
functional	 connectivity	 in	 SCHIZ	 were	 also	
found between the right IFG and a cluster within 
the	right	pSTS	and	left	BA	6	(Tab.2,	Fig.3B).	No	
significant	 differences	were	 found	 for	 the	 left	
IFG	within	 the	 selected	 ROIs	 (for	 whole	 brain	
comparison	 see	 supplementary	 Fig.4).	 With	
respect	 to	 the	 finding	 of	 altered	 LNG	 recruit-
ment	in	patients,	we	investigated	the	functional	
connectivity	 between	 MNS	 seeds	 and	 a	 ROI	
including	the	LNG	as	well	as	adjacent	Brodmann	
areas	 (Fig.2B).	We	 found	 reduced	 connectivity	
between	all	seeds	(except	left	IFG)	and	the	bilat-





To	 our	 knowledge,	 we	 present	 the	 first	 study	
using	 fMRI	 to	 explore	 the	 functionality	 of	 the	
mirror	circuit	in	schizophrenia.	The	primary	goal	
was	to	determine	possible	neural	differences	in	
this	 observation-execution	 system	 in	 patients	
with schizophrenia compared to a healthy con-
trol	 group.	 Three	main	 results	were	obtained:	
(1)	 the	 observation-execution	 matching	 sys-
tem comprises similar MNS associated areas 
in	healthy	 controls	 (CONTR)	 and	patients	with	
schizophrenia	 (SCHIZ).	 (2)	Besides	smaller	acti-
vated	clusters	in	patients,	we	found	significant	
differences	 in	 the	 recruitment	 of	 the	 lingual	





results are discussed in this order.
Areas involved in observation-execution 
matching 
As	 assumed,	 we	 found	 no	 significant	 differ-
ences	 in	 activity	 of	 the	 MNS	 in	 response	 to	
observation	and	execution	of	grasping	actions	
in	 patients	 with	 schizophrenia	 compared	 to	
healthy controls. In line with our hypothesis, 
the	 within	 group	 conjunction	 analysis	 (obser-
Table 2. Seeds and areas in MNS-ROI with reduced functional connectivity in SCHIZ







z                  
value




Sulcus temporalis superior R 51 -46 25 60 4.95 0.001
Inferior frontal gyrus R 48 17 16 17 4.58 0.004
IPL right
Sulcus temporalis superior R 51 -46 28 3 3.96 0.042
Inferior frontal gyrus R 51 17 16 5 4.13 0.016
IFG right
Sulcus temporalis superior R 54 -37 16 21 4.48 0.006
Precentral	gyrus	(BA	6) L -45 -4 43 6 4.09 0.027






vation	 ∩	 action)	 revealed	 for	 both	 groups	




parietal	 lobe	 (IPL)	 and	 superior	 parietal	 lobe),	
temporal	areas	(including	posterior	sulcus	tem-
poralis	 superior	 (STS)).	 This	 indicates	 that	 the	
paradigm was suitable to test our hypothesis. 
Differences in levels of brain activity in the 
observation-execution matching system in 
SCHIZ
Significant	difference	 in	activity	 in	shared	rep-
resentation	 for	 observation	 and	 action	 per-




>Ai+AeSCHIZ)]	 was	 only	 found	 in	 the	 right	
ventromedial occipitotemporal cortex, more 
precisely the rostral part of the lingual gyrus 
(LNG)	 extending	 to	 posterior	 parahippocam-
pal	 regions.	 This	 area	 was	 less	 activated	 in	
patients	 in	 all	 conditions.	 The	 contrast	 esti-
mates	 indicate	 that	 in	 addition	 to	 being	 acti-
vated	by	action	of	others,	 it	 is	also	modulated	
by	planning	and	executing	movements	at	least	
in	 controls,	whereas	 in	 patients	 it	 is	 less	 acti-
vated	in	execution	conditions.	Accordingly,	this	
is frequently reported in studies dealing with 
imitation	 (e.g.,	 Lee,	 Josephs,	 Dolan,	 &	 Critch-
ley,	 2006;	 Koski,	 Iacoboni,	 Dubeau,	Woods,	 &	
Mazziotta,	 2003),	 observation	 of	 movements	
(e.g.,	 Astafiev,	 Stanley,	 Shulman,	 &	 Corbetta,	
2004;	Decety	&	Grèzes,	1999;	Lotze	et	al.,	2006;	
Molnar-Szakacs,	 Kaplan,	 Greenfield,	 &	 Iaco-




Hétu,	 Mercier,	 Eugène,	 Michon,	 &	 Jackson,	
2011;	Jackson,	Meltzoff,	&	Decety,	2006;	Wurm,	
Von	 Cramon,	 &	 Schubotz,	 2011),	 and	 execu-
tion	(Filimon,	Nelson,	Hagler,	&	Sereno,	2007).	
Moreover the LNG seems to respond to both 






Actually, we do not know whether the LNG con-
tains	multimodal	mirror	neurons	or	not,	but	a	
recent electrophysiological study suggests that 
this is the case at least for the adjacent parahip-
pocampus	 (Mukamel	 et	 al.,	 2010).	 Therefore,	
our	finding	does	not	necessarily	 reflect	a	 spe-
cific	mirror	impairment.	Instead, it is more likely 
that the LNG, which is both interconnected with 
the parahippocampus	(Powell	et	al.,	2004)	and	
a part of the ventral pathway in visual informa-
tion	processing	(Mishkin,	Ungerleider,	&	Macko,	
1983)	 that	perceives	 and	processes	 visuo-spa-
tial	 information,	 could	 be	 involved	 in	 encod-
ing	visual	 information	for	subsequent	memory	




actor that was seen from the third person per-
spective.	These	required	processes	might	have	





Accordingly,	 Haenschel	 et	 al.	 (2007)	 demon-
strated	 that	 deficits	 in	 early	 sensory	 and	 per-
ceptual processing in occipital regions are 
associated	 with	 defective	 visual	 information	
encoding and visual working memory retrieval. 









matter	 volume	 (Ecker	 et	 al.,	 2012)	 and	 lower	
recruitment	 in	 response	 to	 an	 imitation	 task	
(Williams	et	al.,	2006).
The	question	may	arise	why	we	failed	to	confirm	
findings	 for	 altered	activation	within	 the	MNS	














are	 difficult	 to	 compare	 with	 fMRI	 data	 and	
focused	 on	 specific	 areas	 only	 (i.e.,	 premotor,	
motor	or	sensorimotor	cortex).	Third	and	most	
importantly, results were inconsistent between 
these	 studies.	 Besides	 that,	 they	 mostly	 used	
heterogeneous	 patient	 groups.	 We	 therefore	
studied	a	more	homogeneous	group	consisting	
of	patients	with	paranoid	schizophrenia	exclu-
sively - with the vast majority showing psy-





in schizophrenia may underlie a broader MNS 
dysconnectivity.	
Differences in functional connectivity in 
CONTR and SCHIZ 
A	“dysconnectivity	model”	of	schizophrenia	has	
already been proposed before and a number 
of	 cfMRI	 studies	 revealed	altered	connectivity	
in complex prefrontal and cerebellar-thalam-
ic-prefrontal networks in schizophrenia	 (see	
Schmitt,	Hasan,	Gruber,	&	Falkai,	2011	for	a	sum-
mary).	To	date, no fcMRI study on schizophrenia 
has	investigated	the	connectivity	of	brain	areas	
focusing on the MNS. We found that in schizo-
phrenia,	the	functional	connectivity	among	the	
most frequently cited MNS areas, namely right 
IFG and bilateral IPL, and their input region, the 
right	posterior	STS,	is	significantly	reduced.	The	
resulting	 network	 nodes	 are	 in	 line	with	 ana-
tomical	connections	 found	 in	other	studies.	 In	
the	human	brain	the	IPL	and	STS	as	well	as	IFG	
and IPL are linked via the superior longitudinal 
fasciculus	(Catani,	 Jones,	&	ffytche,	2005;	Duf-
fau,	 2008;	 Makris	 et	 al.,	 2005).	 Furthermore,	
Schippers	and	Keysers	 (2011)	showed	that	 the	
MNS network acts as a dynamic control system, 
in a way that besides the well established infor-
mation	flow	from	temporal to parietal and sub-
sequently	 to	 premotor	 areas,	 the	 information	








MNS.	 Lateralization	 effects	 in	 schizophrenia	
in	 terms	 of	 underactivity	 in	 right-hemisphere	
structures	 and	 overactivity	 in	 left-hemisphere	
structures have been found before in social cog-
nitive	tasks	recruiting	mirror	areas	(de	Achával	
et	al.,	2012).	One	can	assume	that	those	effects	




ponents	 (like	 the	 left	 IFG-IPL-STS	 connection)	
during	social	cognitive	tasks.
Furthermore,	due	 to	 the	 reduced	connectivity	
between	higher	visual	areas	(most	notably	the	
LNG)	 and	 both	 the	 bilateral	 IPL	 and	 the	 right	
IFG, we suggest that the network is already 







of	 visual	 (including	 LNG)	 and	motor	 areas	 has	
recently been brought up by Pavlidou, Schnit-
zler,	 and	 Lange	 (2012).	 Among	 others,	 they	
suggest	 that	 the	 visual	 cortex	might	 be	 influ-
enced	 (by	 proprioceptive	 information	 in	 sen-
sorimotor	 areas)	 via	 back-projections	 through	
association	areas	 in	the	parietal	 lobe	(Astafiev	
et	al.,	2004;	Macaluso,	Frith,	&	Driver,	2000)	 -	
probably aiming to update visual processing 






of visual feedback. As a result they had to mem-
orize	actions	seen	before	and	mentally	simulate	
the	own	action.	To	accomplish	the	appropriate	





might be engaged in matching internal repre-
sentations	 of	 observed	 scenes	 and	 a	 current	
percept. Comparably, it has been suggested 
that	the	STS,	which	we	could	show	is	also	 less	
synchronized with other parts of the MNS, 
receives	an	efference	copy	from	the	fronto-pa-
rietal MNS for matching motor plans with visual 
descriptions	 of	 the	 observed	 action	 (Iacoboni	
et	al.,	2001;	Iacoboni	&	Dapretto,	2006;	Leube	
et	al.,	2003;	Molenberghs,	Brander,	Mattingley,	
&	Cunnington,	2010).	Indeed, there is plenty of 
evidence for an altered matching mechanism 
in	 schizophrenia	 (e.g.,	 Lindner,	 Thier,	 Kircher,	
Haarmeier,	&	Leube,	2005;	Maeda	et	al.,	2012;	





Blakemore,	 &	 Wolpert,	 2000).	 Our	 findings	
point	 out	 that	 the	 essential	 sensory	 feedback	
exchange,	either	proprioceptive	or	motor	plan	








aging techniques have not remained unchal-
lenged	(e.g.,	Turella,	Pierno,	Tubaldi,	&	Castiello,	
2009).	 Nevertheless,	 our	 findings	 of	 the	MNS	
activation	 in	 healthy	 controls	 are	 in	 accord-
ance with the recent literature. However, some 
factors	 like	 medication	 as	 well	 as	 differences	
in	 illness	 duration	 and	 number	 of	 psychotic	
episodes	 within	 the	 patient	 group	 could	 have	
influenced	our	results.	In	addition,	besides	the	
on-line monitoring by the experimenter, who 
ensured	 that	 participants	 place	 the	 chessman	
correctly, we had no assessment of task per-
formance. However, mirror neuron processes 
are	 deemed	 to	 be	 relatively	 automatic	 (Iaco-
boni	 et	 al.,	 2005)	 and	 therefore	watching	 and	




mask	 potential	 differences	 in	MNS	 activation.	
Previous research suggests that the MNS is 
sensitive	to	specific	motor	action,	showing	 for	
example	 greater	 IPL	 and	 IFG	 activation	 while	
performing complementary grasp-movements 
compared	 to	 exact	 imitation	 (Newman-Nor-
lund,	van	Schie,	van	Zuijlen,	&	Bekkering,	2007).	
However, the authors compared power with 
precision	 grip,	 whereas	 our	 execution	 condi-
tions	 (Ae,	 Ai)	 are	 similar	 with	 respect	 to	 the	
performed grasp-movement, provided visual 
guidance	 and	 the	 absence	 of	 visible	 actions	
while	 executing.	 They	 differ	 only	 in	 the	 direc-
tion	of	the	performed	movement	compared	to	





In	 this	 article,	 we	 provide	 the	 first	 fMRI	 evi-
dence	 for	an	atypical	connectivity	 focusing	on	
the MNS network in schizophrenia. Given that 
the	mirror	neuron	 functionality	 is	accepted	as	
neurophysiological	 foundation	 of	 social	 cog-
nitive	abilities	 in	humans	 (Gallese	&	Sinigaglia,	
2011;	 Iacoboni &	 Dapretto,	 2006),	 this	 newly	
observed	 right-lateralized	 MNS	 dysconnectiv-
ity might be a major contributor to social cog-
nitive	aberrances	in	schizophrenia	-	e.g.,	imita-
tion	(seen	in	our	study),	mentalizing	(e.g.,	Das,	
Lagopoulos,	 Coulston,	 Henderson,	 &	 Malhi,	
2012),	 and	 empathizing	 deficits	 (e.g.,	 Varcin,	
Bailey,	 &	 Hendry,	 2010),	 as	 well	 as	 attribu-
tional	 style	 (e.g.,	 Park	 et	 al.,	 2009).	 According	









to	 be	 affected,	 or	 on	 less-efficient,	 non-simu-
lation	 neural	 networks.	 The	 observed	 altered	
activation	 and	 synchronization	 of	 the	 lingual	




in	 autism,	 suggesting	 that	 they	 partly	 share	
MNS	and	visual	processing	deficits.
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Figure 1.: Design matrix of the fixed-effects GLM exemplarily for one subject (left side) and 
the second-level group analysis (right side) for task activation analysis. We included three 
conditions: observation (O), specific imitation (Ai) and execution (Ae) of grasp-movements. 
Additionally, the movement regressors were considered. Contrast images were calculated for 
activation as response to O, Ai, and to Ae respectively, compared to the unmodelled baseline 
activation (ISI). The contrast images of the participants were entered in a 2x3 (group x task) 
flexible factorial design. The contrast weights in the upper right indicate the performed 
conjunction analysis. 
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Figure 2.: Design matrix of the fixed-effects GLM exemplarily for one subject (left side) 
and the second-level group analysis (right side) for functional connectivity analysis. 
We extracted the time series of the IFG and IPL seeds individually and corrected for task-
related variance. Besides the time series, the movement regressors, noise (white matter 
and cerebrospinal liquid time series) and three conditions (O, Ai, Ae) were entered in the 
design matrix. Correlations between seed time series and each voxel in the brain were 
examined. The connectivity map for every participant was generated and compared across 
groups (schizophrenia SCHIZ, controls CONTR) in a second-level analysis using two-sample 
t-tests for seeds (e.g., IFG) individually.
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Figure 3.: Functional connectivity from MNS seeds to the rest of the brain.	Whole brain 
functional connectivity maps from chosen seeds in healthy controls for the inferior frontal 
gyrus (IFG, BA 44) in the left (yellow) and in the right hemisphere (red), for the inferior 
parietal lobe (IPL) in the left (green), and in the right hemisphere (blue). For illustrational 
purposes we chose a threshold at T>6. Colour bars show the corresponding T-value. Black 




in connectivity were found between the right IPL (blue) and medial calcarine gyrus (BA 
18) extending in hippocampal regions, between the left IPL (green) and higher visual 
associative areas (including cuneus, LNG), basal ganglia (pallidum, putamen, caudate), 
thalamus, parts of the limbic system system (cingulate cortex), and most importantly to 
right IFG, right middle and superior temporal gyrus, supramarginal gyrus and precuneus. 
The right IFG seed (red) showed decreased synchrony in schizophrenia with e.g., the STS, 
bilateral temporal pole, putamen, thalamus and visual areas (fusiform gyrus, calcarine), 
right parahippocampus and precuneus. The left IFG connectivity (yellow) show differences 
between groups primarily within the anterior right STS and temporal pole. P’s<.05 FWE 
corr. 
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T         
value




1 Inferior Parietal Lobule L -33 -43 49 10503  13.57 0.000
Postcentral Gyrus (BA 2) R 42 -43 61  12.16 0.000
Fusiform Gyrus R 39 -52 -20  11.18 0.000
Thalamus L -21 -25 -2  11.00 0.000
Fusiform Gyrus R 39 -67 -17  10.95 0.000
Fusiform Gyrus L -39 -67 -17  10.86 0.000
Precuneus (SPL) R 12 -64 61  10.49 0.000
Lingual Gyrus R 9 -52 1  10.39 0.000
Middle Temporal Gyrus R 54 -52 -2  10.28 0.000
Precuneus (SPL) R 6 -52 55  9.51 0.000
2 Precentral Gyrus L -30 -4 61 465  9.00 0.000
L -54 2 37  7.84 0.000
3 Superior Frontal Gyrus R 33 -4 61 309  9.54 0.000
4 Superior Temporal Gyrus (IPC) R 60 -37 19 165  9.45 0.000
5 SMA (BA 6) L 0 11 49 60  6.72 0.000
Middle Cingulate Cortex L -6 23 37  5.64 0.001
6 Middle Frontal Gyrus R 45 35 22 46  6.96 0.000
Inferior Frontal Gyrus R 42 32 25  6.89 0.001
7 SMA (BA 6) L 0 2 67 9  5.90 0.000
8 Middle Frontal Gyrus L -36 35 31 5  5.82 0.000
Middle Frontal Gyrus (BA 44) L -33 32 22  5.67 0.001
SCHIZ
1 Superior Parietal Lobule R 36 -43 58 691  9.81 0.000
R 21 -55 61  8.42 0.000
R 24 -64 52  7.28 0.000
2 Inferior Occipital Gyrus L -45 -67 -5 661  7.97 0.000
Middle Temporal Gyrus L -51 -70 7  7.97 0.000
Fusiform Gyrus L -39 -58 -20  7.87 0.000
3 Inferior Parietal Lobule L -36 -43 49 463  10.52 0.000
Superior Parietal Lobule L -30 -55 61  8.98 0.000
4 Middle Temporal Gyrus R 54 -52 1 452  7.84 0.000
Inferior Temporal Gyrus R 51 -58 -5  7.80 0.000
Fusiform Gyrus R 36 -52 -17  7.33 0.000
5 Middle Frontal Gyrus R 33 -1 58 164  8.48 0.000
6 Thalamus L -21 -25 -2 151  8.43 0.000
7 Precentral Gyrus (incl. BA 6) L -27 -10 55 90  7.91 0.000
8 Thalamus R 18 -25 1 53  7.32 0.000
9 Superior Temporal Gyrus (IPC) R 54 -37 19 19  6.84 0.000
10 Precentral Gyrus (incl. BA 6, 44) R 51 8 31 15  6.00 0.000
R 54 5 40  5.90 0.000
11 Precentral Gyrus (incl. BA 6, 44) L -54 5 34 11  6.27 0.000
12 Superior Temporal Gyrus (IPC) L -60 -40 19 10  6.07 0.000
k>5, p<.001 FWE corr., T>5.57 ~FWE .001; L/R indicates the hemisphere (left/right)
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Table 2. Reduced functional connectivity in schizophrenia between IFG and IPL seeds and areas   















1 Calcarine Gyrus L -15 -58 10 56 5.45 0.002
2 Precuneus R 9 -52 13 47 5.29 0.003
3 Calcarine Gyrus R 18 -88 10 44 4.90 0.008
R 9 -79 13 4.56 0.019
4 Calcarine Gyrus R 6 -82 7 19 4.59 0.018
L -3 -79 7 4.41 0.027
Lingual Gyrus L -6 -79 1 4.26 0.027
5 Superior Occipital Gyrus L -15 -94 13 7 4.50 0.022
6 Fusiform Gyrus L -33 -70 -11 4 4.50 0.022
7 Calcarine Gyrus L -12 -70 16 3 4.24 0.042
8 Lingual Gyrus R 12 -79 1 3 4.29 0.037
IFG left
1 Middle Occipital Gyrus L -21 -91 10 13  4.96 0.007
Superior Occipital Gyrus L -15 -97 10  4.70 0.013
2 Inferior Occipital Gyrus R 33 -85 -2 9  5.00 0.006
3 Middle Occipital Gyrus L -33 -85 -2 3  4.28 0.037
IPL right
1 Calcarine Gyrus L -9 -52 4 249 6, 26 0.000
Lingual Gyrus R 9 -49 4 6, 21 0.000
Hippocampus (CA) R 15 -34 1 5,05 0.005
IPL left
1 Calcarine Gyrus L -12 -55 7 289  6.11 0.000
Lingual Gyrus R 12 -52 7  5.60 0.001
Hippocampus (SUB) R 18 -34 -5  5.15 0.004
2 Cuneus R 21 -91 10 45  5.27 0.003
Calcarine Gyrus R 6 -85 4  5.13 0.005
Lingual Gyrus L -9 -85 -8  4.48 0.024
3 Middle Occipital Gyrus L -33 -85 -2 37  5.63 0.001
Fusiform Gyrus L -21 -82 -8  4.61 0.017
L -27 -76 -8  4.37 0.032
4 Lingual Gyrus R 18 -79 -2 29  4.74 0.013
Fusiform Gyrus R 24 -76 -11  4.63 0.017
5 Calcarine Gyrus R 21 -91 4 11  5.43 0.002
Inferior Occipital Gyrus R 30 -85 -2  4.51 0.022
6 Superior Occipital Gyrus L -15 -91 10 4  4.56 0.020
Seeds highlighted in green, ROI mask consists of BA 18, 27, 29; 30; CONTR>SCHIZ, nSCHIZ=19, 
nCONTR=19, L/R indicates the hemisphere, p<.05 FWE corr. equates T>4.15, k≥3
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which contributes to the emergence of ego-disturbances.
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Introduction
An organism has to take into account the sen-
sory	 consequences	 of	 its	 own	 actions.	 This	 is	
important	 to	 distinguish	 sensory	 input	 that	
results	from	own	movements	(e.g.,	eye	motion),	
from the sensory signals that are produced by 
outside	 forces	 (e.g.,	 a	 wild	 beast).	 Our	 neu-
ral	 architecture	 encompasses	 an	 evolutionary	
preserved	 mechanism	 called	 efference	 copy	
mechanism	to	solve	this	 task.	This	mechanism	
has originally been postulated to explain the 
compensation	of	the	sensory	consequences	of	
one’s	own	eye	movements,	 i.e.	the	perception	
of	 a	 stable	environment	despite	of	 the	 retinal	
shift	during	smooth	pursuit	(Von	Holst	and	Mit-
telstaedt,	1950;	Sperry,	1950).	This	concept	has	
been extended on other motor-sensory loops 
(for	 a	 review	 see	 Pynn	 and	 DeSouza,	 2013),	
e.g.,	 error	monitoring	while	 executing	goal-di-
rected	 actions	 (Wolpert	 et	 al.,	 1995),	 and	 has	
been	experimentally	confirmed	in	several	spe-
cies	(e.g.,	crickets,	birds,	electric	fish;	see	Crapse	
and	Sommer,	2008).	 It	 is	 suggested	 that	while	
planning	 an	 action,	 an	 efference	 copy	 of	 the	
motor	 command	 is	 built	 and	 sent	 as	 a	 “corol-
lary	 discharge”	 signal	 to	 the	 corresponding	
sensory brain areas, suppressing the percep-
tion	 of	 impending	 sensations	 that	 result	 from	
this	self-initiated	action	by	modulating	cortical	
responsiveness	 (reviews	 in	 Cullen,	 2004;	 Pynn	
and	 DeSouza,	 2013).	 Moreover,	 it	 has	 been	
hypothesised	that	a	mismatch	detection	system	
located in the parietal lobe compares actual 
sensory	feedback	with	expected	feedback	(Frith	
et	 al.,	 2000,	 Frith,	 2005),	 and	may	 contribute	
to the processing of the sense of agency in a 
higher	cortical	centre,	i.e.	the	prefrontal	cortex	
(Synofzik	et	al.,	2008).
As	 the	 concept	 of	 the	 efference	 copy	 mech-
anism	 taps	 into	 the	 distinction	 between	 the	
internal self and the external world it became 
of interest for research in the pathogenesis of 
schizophrenia,	 a	 disease	 that	 is	 partly	 defined	
by symptoms that suggest a higher permea-
bility or breakdown of this border in so called 
delusions	of	 influence	or	passivity	phenomena	
(ego-disturbances)	 during	 which	 the	 patients	









schizophrenia has been explained by an inability 
to	 predict	 the	 sensory	 consequences	 of	 one’s	
actions	due	to	a	failure	of	the	efference	mech-
anism,	either	 in	generating	corollary	discharge	
or	 receiving	 and	 integrating	 these	 signals	 in	
addressed	sensory	cortices	(e.g.,	Blakemore	et	
al.,	 2000;	 Feinberg,	 1978;	 Ford	 and	Mathalon,	
2004;	 Frith	 et	 al.,	 2000).	 First	 empirical	 data	
that back this hypothesis came from psycho-
physical	experiments	(Lindner	et	al.,	2005)	but	
it remained largely unclear what the neural cor-
relate	of	 this	 deficit	 is	 and	whether	 a	dyscon-
nectivity	 interferes	 with	 the	 necessary	 signal	
exchange	between	motor	and	sensory	cortices	
to	 compare	 efferent	 and	 afferent	 feedback.	
Interestingly,	 Haggard	 et	 al.	 (2002)	 concluded	




effect	 based	 on	 temporal	 predictability	 and	
contiguity).	Furthermore,	the	authors	described	
these	effects	as	exclusively	for	intentional,	vol-
untary	 action.	 Therefore,	 in	 the	 two	 present	
functional	magnetic	 resonance	 imaging	 (fMRI)	
experiments	we	compared	patients	with	schiz-






camera and computer screen was manipulated 
by	 being	 presented	 either	 with	 (200	 ms)	 or	
without	a	time	delay.	The	delayed	feedback	cre-
ates a sensory-motor discrepancy between the 
normally	congruent	efferent	and	reafferent	sig-
nals,	at	 least	 in	healthy	participants.	Addition-
ally, this procedure is known to elicit an illusion 




matic	 mechanisms	 (Jeannerod	 and	 Pacherie,	
2004),	we	addressed	the	automatic	or	 implicit	
feeling	 of	 being	 the	 agent	 of	 an	 action	 rather	
than	typically	explicit	judgement	of	agency	(see	
distinction	in	Synofzik	et	al.,	2008)	in	this	study.	
For	 the	 comparison	 of	 activation	 patterns	
between	 patients	 and	 matched	 controls,	 we	
defined	three	important	regions	of	interest	that	
have	 often	 been	 shown	 to	 be	 related	 to	 the	
processing or the loss of self-agency, namely 





We	hypothesized	 that	 the	neural	 activation	 in	




a	 lack	 of	 modulation	 in	 response	 to	 tempo-
ral-delayed feedback. Upgrading the earlier 
experiment	by	Leube	et	al.	(2010)	by	using	addi-
tionally	 intentional	 movements,	 we	 hypothe-
sized	–	in	line	with	Haggard	et	al.’s	(2002)	rea-
soning	-	that	this	effect	is	more	pronounced	in	
schizophrenia while performing goal directed, 
intentional	movements	 than	while	performing	
movements without a goal. While Leube et al. 
(2010)	 showed	 altered	 activation	 only	 for	 the	
putamen in schizophrenia, we expected that our 
modification	of	the	study	design	allows	a	more	
elaborate	 investigation	of	 the	aforementioned	
regions involved in self-agency. Furthermore, 
keeping	in	mind	that	the	model	of	the	efference	
copy mechanism involves a large-scale signal 
exchange	between	motor	and	sensory	cortices,	
the	 additional	 aim	 of	 the	 study	was	 to	 clarify	
whether	a	broader	dysconnectivity	may	under-
lie	 the	 self-monitoring	deficits	 in	patients.	We	
hypothesized	 that	 a	 dysconnectivity	 prevents	
corollary discharge of motor-related percep-
tual	 areas	 (e.g.,	 IFG)	normally	 caused	by	brain	
regions that predict sensory consequences of 








Nineteen	 patients	 (one	 female,	 18	 males;	 all	
right-handed as assessed by the Edinburgh 
Handedness	 Inventory	by	Oldfield,	1971)	diag-
nosed	 with	 schizophrenia	 (SCHIZ,	 without	
comorbid	 psychiatric	 disorders)	 according	 to	
DSM-IV	 criteria	 (American	 Psychiatric	 Associ-
ation,	 1994)	 by	 two	 independent	 psychiatrists	
using	patient	and	relative	interviews	as	well	as	
past and present chart notes were included in 
the study. Three	patients	were	excluded	 from	
the data analysis because two of them were not 
capable to perform the task inside the scanner 





psychiatric, neurological or medical diagnoses 
or	first-degree	relatives	with	psychotic	illnesses	
took	part	in	the	study.	To	ensure	the	absence	of	
psychiatric disorders the German version of the 
Structured	 Clinical	 Interview	 for	 DSM-IV	 Axis	
I	Disorders	 (SCID-I;	Wittchen	et	 al.,	 1996)	was	
conducted. Healthy controls were matched to 
the	patient	group	on	the	basis	of	sex,	age	and	
education	 (see	 Table	 1)	 and	we included only 
individually	 matched	 control	 participants. All 
subjects	 had	 normal	 vision	 and	 hearing.	 The	





In	 patients	 we	 assessed	 psychiatric	 symp-
toms using the Scales for the Assessment of 
Positive	 Symptoms	 (SAPS,	 Andreasen,	 1984)	
and	 Negative	 Symptoms	 (SANS,	 Andreasen,	
1983).	 General	 intelligence	 was	 estimated	




During	 the	 first	 experiment,	 subjects	 per-
formed	 a	 goal	 directed/intentional	movement	
(INT).	 They	 were	 moving	 a	 chessman	 contin-






Figure 1.: Schematic representation of the stimulus and feedback presentation. During fMRI 
two runs were performed: (A) continuous goal-directed hand movements with intentional object 
interaction (INT) and (B) continuous undirected hand closure (nINT). (C) Illustration of experimental 
trials: the own visual feedback was presented in real-time (D-) or with an introduced temporal 











1B;	 cf.	 Leube	 et	 al.,	 2003a)	 without	 any	 goal.	
Other	than	the	action	in	the	first	experiment,	a	
continuous	fist	closure	is	a	meaningless	gesture	
and	 rather	 uncommon	 in	 our	 daily	 routine.	 In	
the	 closing	position,	 the	fingers	did	not	 touch	




correctly.	 Additionally,	 the	 experimenter	 visu-
ally monitored the individual performance 
during	the	experiments.	The	hand	movements	
were	 filmed	 using	 an	 fMRI	 compatible	 video	
camera	(Wild	et	al.,	2000)	and	projected	online	
onto a LCD screen, which subjects were able 
to	see	through	a	mirror	(Figure	1A).	This	direct	
visual feedback of the own hand movement was 
given	at	 random	time	points	 for	a	duration	of	
three seconds. During these three-second tri-
als,	either	a	temporal	delay	of	200	ms	(D+)	was	
introduced	or	not	 (D-)	 according	 to	a	pseudo-
random sequence. A total of 40 trials were per-
formed	(i.e.,	20	trials	with	delay,	20	trials	with-
out).	Between	trials,	the	 last	 image	frame	was	
frozen,	 so	 that	 subjects	 saw	 their	 static	 hand	
while	 they	 continued	 their	 movement.	 This	
baseline	was	jittered	between	7	and	11	s	(mean	
8.9	s)	(Figure	1C,	ISI).	
2.4. FMRI data acquisition
Participants	 were	 scanned	 at	 3T	 MR	 scanner	
(Siemens	 Trio,	 Erlangen,	 Germany)	 with	 36	
near-axial	 slices	 and	 a	 distance	 factor	 of	 10 %	
providing whole brain coverage. An echo planar 
imaging	 (EPI)	 sequence	 was	 used	 for	 acquisi-














USA).	 To	 correct	 for	 head	movement	 artifacts	
the	 functional	 images	were	 realigned	 for	each	
subject	 to	 the	mean	 image	 (using	 the	 default	
Table 1: Demographic and clinical characteristics of study participants
SCHIZ (n=16) CONTR (n=16) Statistics
Mean	age	(years) 31.1 ± 8.0 29.6	±	7.1 n.s.
Male	to	female	ratio 15:1 15:1 -
Intelligence	(MWT-B) 109.3	±	17.0 107.4 ± 14.1 n.s.
Mean	duration	of	Illness	(years) 8.3 ± 6.8 - -
Mean	CPZ	equivalents	(mg/day) 742.6 ± 574.7 - -
SANS total 21.5	±	19.2 - -
SAPS total 17.1 ± 12.3 - -
Subscale ego-disturbance  
(mean	of	5	items) 3.5 ± 4.5
Patients with schizophrenia (SCHIZ); control subjects (CONTR); ± indicates the standard deviation; chlorpromazine equivalent dose 
(CPZ), Scale for the Assessment of Negative Symptoms (SANS); Scale for the Assessment of Positive Symptoms (SAPS); SAPS rating for 
ego-disturbance comprises following items: delusions of being controlled (15), delusions of mind reading (16), thought broadcasting 





unwarp	 and	 realign	 function).	 All	 EPI	 images	
were	 corrected	 for	 a	 temporal	 shift	 in	 acqui-
sition	 (slice	 timing).	 Additionally,	 the	 resulting	
mean EPI image from the unwarp process was 
co-registered	 with	 the	 high-resolution	 struc-
tural	T1 image. Subsequently, images were seg-












linear	model	 (GLM)	 at	 the	 single	 subject	 level	
including two regressors for the two condi-
tions	(D+,	D-)	convolved	with	the	hemodynamic	
response	 function	 and	 the	motion	 regressors.	
The	 single	 subject	 analysis	 for	 the	 two	 runs	
(INT,	 nINT)	 was	 performed	 separately.	 Con-
trast	 images	 were	 calculated	 for	 activation	 in	
the	 condition	with	 delayed	 feedback	 (D+)	 and	
for	the	condition	without	delayed	feedback	(D-)	
compared	 to	 the	 baseline	 activation	 (frozen	
frame).	
In	 a	 second-level	 random	effects	 analysis,	 the	
individual	contrast	images	from	both	runs	(INT,	
nINT)	 were	 then	 entered	 into	 a	 2x4	 (group	 x	










(Brett	 et	 al.,	 2002)	 and	 family-wise	 error-cor-
rected	(FWE	p<.05)	on	the	cluster	level.	Region	
of	interest	(ROI)	analyses	were	performed	using	
the same regions as reported in Leube et al. 
(2003a),	who	conducted	a	similar	experiment	as	
ours	(exp.	2,	fist	closure).	They	found	a	process-
ing of delayed visual feedback related to the 
right	posterior	STS	(sphere	of	10	mm	at	[48	-42	
18]),	the	left	putamen	and	the	IFG	(for	putamen	
and IFG neuroanatomical labels were used that 
are provided by Wake Forest Pick Atlas toolbox 
for	 SPM	 8;	 http://fmri.wfubmc.edu),	 that	 pro-
cessed a harsh mismatch between observed 
and	performed	action	(Leube	et	al.,	2003b).




with	 schizophrenia,	 we	 additionally	 studied	
functional	 connectivity	 with	 two	 different	




In the PPI analysis we examined the temporal 
correlation	 (physiological	 variable)	 between	 a	
seed region and the rest of the brain in the con-
text	of	the	specific	task	(psychological	variable).	
Additionally,	 we	 applied	 a	 seed-voxel	 analysis	
without	 task	 effects.	 The	 difference	 between	
both	 approaches	 lay	 in	 the	 informative	 value.	
The	 seed	 voxel	 approach	 reveals	 statistical	
relations	 between	 regions	 through	 activation	
pattern	 similarities	 irrespective	 of	 time-char-
acteristic	 of	 the	 visual	 feedback,	 whereas	 PPI	
gives	information	about	how	the	delayed	feed-
back	 affects	 the	 connection	 of	 brain	 areas	 in	




whereas the seed voxel approach examines the 
self-monitoring	network	 in	general.	Therefore,	
the	 additional	 benefit	 of	 PPI	 is	 the	 improved	
assessment	of	the	source	of	a	putative	impaired	
processing	 of	 mismatch	 between	 time-incon-
gruent feedback and currently performed 
actions	in	schizophrenia.
For	 both	 approaches	 (PPI	 and	 seed-voxel)	
we	chose	 the	group	peak	voxel	activity	of	 the	
inferior	 frontal	 gyrus	 (IFG,	 pars	 opercularis)	
at	MNI-coordinates	 [42	11	31]	on	 the	basis	 of	
the	main	result	from	the	statistical	 interaction	
of	 task	 by	 group	 in	 all	 participants.	 Starting	
at	 these	 peak	 activations	 on	 the	 group	 level,	












time	 series	 from	 the	 seed	 region	 in	 a	 sphere	
of a 5 mm radius. For the seed approach we 
corrected	the	extracted	time	series	for	task-re-
lated	 variance	by	 setting	an	 F-contrast	 on	 the	
six movement parameters. To	 account	 for	
noise, white	matter	and	cerebrospinal	fluid	time	
series	were	extracted.	The	PPI time	series	were	
mean-corrected,	 high-pass	filtered	 ( f	 <	 1/100) 
and adjusted for movement regressors. 
Third,	we	built	 a	 new	first	 level	 design	matrix	
for both approaches separately to describe 
brain	connectivity	of	 the	seed	region	with	the	
entire,	 individual	brain.	For	the	seed-approach	
we	 included	 the	 seed	 time	 series,	 task,	 noise	
and	 movement	 regressors	 and	 set	 the	 T-con-
trast	 on	 the	 time	 series	 to	 generate	 individ-
ual	 connectivity	 maps.	 Correlations	 between	
seed	 time	 series	 and	 each	 voxel	 in	 the	 brain	
were	 examined	 according	 to	 Bedenbender	 et	





and physiological variables. The	 latter	 interac-








Fourth, we performed second-level group anal-
yses for both approaches separately. In both 
approaches	we	 included	 the	 resulting	 β-maps	
or	 the	 PPI	 interaction	 term	 respectively	 in	 a	
two-sample t-test design and analyzed changes 
in	either	PPI	or	seed-voxel	connectivity	between	
groups.	In	the	task-unrelated	connectivity	anal-
ysis, in which the delay should not play any 
role,	we	performed	ROI-analyses	in	regions	that	
slightly	deviated	from	the	ROIs	in	the	activation	
analysis,	 because	 they	 are	 known	 to	 be	 acti-
vated	 irrespectively	 of	 delay	 length	 in	 a	 com-
parable	feedback-task	(Leube	et	al.,	2003a;	i.e.,	
insula, precentral gyrus, supplementary motor 
area,	putamen,	postcentral	gyrus).
To	 determine	 the	 possible	 relations	 between	
altered	 connectivity	 and	 ego-disturbance	 in	
patients,	 we	 performed	 correlation	 analyses	
using SPSS 21.0 for Windows. More precisely, 
we	 analyzed	 the	 relationship	 between	 the	
first	 eigenvariate	 of	 the	 significantly	 differen-
tially	 connected	 clusters	 (revealed	 in	 the	 PPI	
approach)	in	patients	and	the	respective	scores	
of the ego-disturbance subscale of the SAPS 
(items	15-19).
Results
The	 evaluation	 of	 the	 video	 recordings	 of	 the	
hand	 movements	 reveals	 that	 both	 patients	
(SCHIZ)	 and	 healthy	 controls	 (CONTR)	 per-
formed	 the	 task	according	 to	 the	 instructions.	
Those	 participants	 who	 did	 not	 perform	 cor-
rectly	 (e.g.,	 interrupt	 actions)	 were	 excluded	
from further analysis, which was the case for 
two	patients	who	were	not	capable	to	perform	
the task inside the scanner and one who did not 
complete	the	data	acquisition.
Functional MRI data
Differences in levels of brain activity in 












left	 putamen)	 (Figure	 2A).	 Contrast	 estimates	





















which	 revealed	 significant	 differences	 within	
the	 aforementioned	 IFG	 cluster	 (at	 [36	 8	 31],	
p=0.04	FWE	cluster	corr.,	12	vox.,	same	ROIs).
PPI and seed voxel connectivity
PPI	and	seed	voxel	connectivity	analysis	was	per-
formed	from	the	IFG	seed	at	[42	11	31]	revealed	
by	 the	 interaction	 analysis	 (see	 above).	 The	
task-related	PPI	 analysis	 indicated	 significantly	
reduced	connectivity	for	D+	versus	D-	from	the	
right	IFG	to	a	large	cluster	with	peak	activation	
in	 the	 medial	 orbitofrontal	 gyrus	 (OFC,	 [9	 50	
-2],	 [-12	47	1],	164	vox.)	 in	SCHIZ	compared	to	
CONTR	(Figure	3,	supplementary	Table	2).	Addi-






To	 evaluate	 a	 possible	 relation	 of	 the	 altered	
connectivity	 pattern	 between	 IFG	 and	 medial	
OFC	with	ego-disturbance,	we	performed	a	cor-
relation	 analysis	 of	 the	first	 eigenvariate	 from	
the	 latter	 bilateral	 cluster	 and	 the	 individual	
amount	 of	 ego-disturbance	 (determined	using	
SAPS).	We	found	that	the	activation	in	the	right	
OFC	in	response	to	D+	is	significantly	correlated	
with	 the	 sum	 of	 symptom	 ratings	 in	 patients	
(Spearman’s	 rho	 rs=.623,	 p=.01).	We	 observed	
the	same	trend	for	the	left	hemisphere	(rs=.476,	
p=.06).
Figure 3. Functional dysconnectivity in SCHIZ, compared to CONTR. The statistical parametric map shows 
regions with significantly decreased connectivity in SCHIZ with IFG time series. The orbitofrontal cluster in A 








)] found at a threshold 
of P < .05 FWE cluster corr. (whole-brain). The clusters in the left putamen and left insula in B reflect the 
significant group differences of the task-unrelated seed-voxel connectivity (CONTR>SCHIZ) found at P < .05 
FWE cluster corr. (with ROI of insula, precentral gyrus, supplementary motor area, putamen, postcentral 
gyrus). The color bar shows the corresponding z-value.








)]. The bars in B show mean contrast estimates extracted from the IFG cluster shown in A at [42 
11 31] (P<.001 unc. for illustration purposes) separated for the intentional (INT) and non-intentional (nINT) 







We	 found	 a	 difference	 in	 the	 neural	 activa-
tion	between	patients	with	 schizophrenia	 and	
healthy controls in one of our three regions of 
interest,	that	is	in	the	IFG.	This	region	is	move-





vation	 if	 feedback	was	 delayed	while	 patients	
with schizophrenia showed the opposite pat-
tern.	The	fact	that	we	found	this	activation	pat-
tern	in	the	IFG	only	for	intentional	movements	
might be explained by its increased recruitment 
when	 watching	 intentional	 hand-object	 inter-
action,	 rather	 than	 hand	 movements	 without	




own movement that stopped and a visual feed-
back that showed an ongoing movement. 
In	 line	 with	 our	 finding,	 the	 dorsolateral	 pre-
frontal cortex, including IFG, has been asso-
ciated	with	 the	 sense	 of	 agency	 (David	 et	 al.,	
2008)	 or	 “other”	 processing	 (Farrer	 et	 al.,	
2004),	detection	of	visual-motor	 incongruence	
(Schnell	 et	 al.,	 2008),	 successful	 monitoring	
of	 own	 or	 someone	 else’s	 speech	 (Kumari	 et	
al.,	 2010),	 and	 sensory	 mismatch	 processing	
(Yomogida	et	al.,	2010).	Furthermore,	our	data	
in healthy controls are consistent with those of 
Macuga	and	Frey	 (2011)	who	showed	that	 the	
right	 IFG	 responded	 differentially	 during	 live	
visual	 feedback	of	own	 repetitive	hand	move-
ments versus perceptually similar, pre-recorded 
videos.	The	authors	suggest	that	the	IFG	distin-
guishes	 between	 self	 and	 other	 by	 detecting	
subtle	 spatio-temporal	 differences	 between	
predicted and actual sensory feedback. We pro-
vide	support	for	this	suggestion	by	showing	that	
the	right	IFG	responds	differently	when	the	own	
feedback is temporally delayed and moreover 
extend	 this	 assumption	 by	 showing	 that	 time	
characteristics	 play	 a	 specific	 role	 for	 inten-
tional	rather	than	unintentional	movements.	
Derived	from	its	response	characteristics	in	our	
study, we suggest that the IFG is concerned with 
the	 efference	 mechanism	 showing lower	 (or	
suppressed)	activation	during	“own”	time-con-
gruent	feedback	and	increased	activation	while	
watching	 incongruent	 feedback,	 a	 situation	
when	expectations	of	 feedback	were	violated.	
The	IFG	is	attenuated	when	incoming	afference	
feedback signals are in line with the predicted 






the bilateral secondary somatosensory cortex, 
than	 does	 self-produced	 stimulation	 (Blake-
more	et	al.,	1998).	
In	 patients,	 the	 response	 pattern	 of	 the	 IFG	
is opposite to that of the controls, with an 
increased response during watching own 
time-congruent	 feedback.	 This	 is	 in	 line	 with	
other	 experiments	 demonstrating	 that	 in	
patients	with	schizophrenia,	sensations	follow-
ing self-generated movements were not prop-
erly	 attenuated	 (e.g.,	 Blakemore	 et	 al.,	 2000;	
Shergill	et	al.,	2005).	Moreover,	a	possible	expla-
nation	for	this	activation	pattern	could	be	that	
the corollary discharge is temporally delayed in 
patients.	Therefore	the	IFG	is	reached	too	late	
to	 suppress	 the	 sensory-evoked	 activity.	 This	
leads	to	the	assumption	that	the	experimental	
induced	delayed	 feedback	 (+200	ms)	 compen-
sates the temporal delay of suppression, and as 
a result the actual sensory feedback matches 
the	 expected	 feedback	 again.	 This	 could	 also	
explain	 findings	 of	 an	 earlier	 study	 in	 which	
patients	were	more	 likely	 to	 perceive	 a	 delay	
in visual feedback when, in fact, there was 
no	 delay	 when	 watching	 one’s	 hand	 moving	
(Leube	et	al.,	2010).	Besides	well	known	general	
impaired	 predictive	 timing	 in	 individuals	 with	
schizophrenia	(e.g.,	Turgeon	et	al.,	2012),	exper-
imental	evidence	for	a	normalization	of	neural	





self-generated	 auditory	 stimuli	 already	 exists,	
arguing	that	abnormalities	in	fasciculi	connect-
ing the frontal lobe with the rest of the brain 
result	in	a	connectivity	deficit	introducing	con-






that	 the	 sense	 of	 agency	 could	 be	 influenced	
by	 the	participant’s	 intentions	 (Synofzik	 et	 al.,	




Interestingly,	 the	 observed	 activation	 pattern	
corresponds to that found in other studies for 
the	 inferior	 parietal	 lobule	 (IPL),	 a	 likely	 can-
didate	 for	 a	 comparator.	 High	 activity	 in	 this	
region normally implies that another agent is 
acting	 (Ruby	 and	 Decety,	 2001,	 Decety	 et	 al.,	
2002,	 Farrer	 and	 Frith,	 2002)	 whereas	 in	 the	
case	of	patients	with	schizophrenia	high	activ-
ity	 implies	 a	 self-generated	 action.	 Similar	 to	
the IPL, the right IFG is embedded in the larger 
framework	 of	 the	 ‘simulation	 coding	 system’	
and	 part	 of	 its	 putative	 neural	 substrate,	 i.e.	
the	mirror	 neuron	 system	 (MNS;	 e.g.,	 Carr	 et	
al.,	 2003;	 Rizzolatti	 and	 Fabbri-Destro,	 2008;	






involved	 (Gallese	 et	 al.,	 1996;	 Iacoboni	 et	 al.,	
2005),	as	it	is	the	case	in	the	intentional	condi-
tion	of	the	present	study.	The	network	provides	
a motor-based understanding of an observed 
motor	 act’s	 goal	 performed	 by	 another	 indi-




other	 share	 representations,	 there	 is	 a	 need	
for	 an	 additional	mechanism	 realizing	 the	 dis-
entangling of oneself or someone else as the 
agent	 (see	 Sebanz	 and	 Frith,	 2004).	 To	 date,	
it is unclear which mechanisms accomplish 
this, but it has been argued that the matching 
mechanism addressed here could play a role 
(David	et	al.,	2008;	Leube	et	al.,	2012).	We	give	
further	support	 for	 this	suggestion	by	demon-
strating	 that	 the	 MNS-associated	 IFG	 (BA	 44)	
differentiates	 between	 own	 time-congruent	
and	 temporal	 delayed	 feedback	 of	 intentional	
grasp-movements and therefore could manage 
a	putative	control	mechanism.	Furthermore,	we	
suggest	that	this	mismatch	detection	system	is	
disturbed in schizophrenia on the level of the 
IFG	 and	 therefore	may	 contribute	 to	misattri-
butions	of	agency	and	delusions	of	influence	in	
schizophrenia.
Task-related and unrelated functional 
connectivity analysis




compared to controls while processing own goal 
directed grasp-movements with delayed visual 








and	 ego-disturbance	 in	 patients	 suggests	 that	
this	region	is	particularly	involved	in	an	altered	
processing of the mismatch between current 
performed	 action	 and	 time-incongruent	 feed-
back	in	patients	with	passivity	symptoms.	One	
can	hypothesize	that	communication	necessary	
for accurate transmission of signals to properly 
match	 planned	 action	 and	 received	 feedback	
is	 disturbed	 through	 the	 altered	 connection	
between	IFG	and	OFC.	This	assumption	is	sup-
ported	 by	 the	 role	 of	 the	 OFC	 during	 agency	
judgments	(Moll	et	al.,	2007;	Miele	et	al.,	2011),	
in	particular	about	the	self	(van	der	Meer	et	al.,	
2010).	 Furthermore,	 the	OFC	 receives	 sensory	
feedback from inside and outside the body, e.g. 
somatosensory	 and	 visual	 information	 (data	





human:	 Kringelbach	 and	 Rolls,	 2004),	 which	
could	be	provided	for	the	aforementioned	con-
trol mechanism in the IFG in healthy individuals. 
Using	the	seed	voxel	approach,	we	additionally	
found	that	-	irrespective	of	the	task	-	the	func-
tional	 connection	 between	 IFG	 to	 insula	 and	
putamen	 of	 the	 left	 hemisphere	 is	 decreased	
in	 schizophrenia	 compared	 to	 controls.	 Both	
regions have been constantly reported in 
the	 context	 of	 action	 monitoring	 and	 as	 cru-
cial	 in	 agency	 processes	 (insula:	 e.g.,	 Karnath	
et	 al.	 2005;	 Brass	 and	 Haggard,	 2007;	 Klein	
et	 al.,	 2013,	Nahab	et	 al.,	 2011,	 Tsakiris	 et	 al.,	
2010;	 putamen:	 e.g.,	 Blakemore	 et	 al.,	 2003;	
Leube	 et	 al.,	 2003a,	 2010).	 Furthermore,	 in	 a	
prior	study	by	Leube	et	al.,	 (2003a)	 in	which	a	
comparable paradigm was used, the putamen 
as part of the basal ganglia and key region of 
motor-control	 (Turner	 and	 Desmurget,	 2010)	
was	 negatively	 correlated	 with	 the	 temporal	
delay.	 The	 authors	 hypothesized	 that	 reduced	
putamen	activity	 reflects	 a	dysfunctional	 gen-
eration	of	motor	predictions	about	the	time	at	
which the visual consequences of movements 
should	 occur	 (Leube	 et	 al.,	 2003a;	 2010).	 The	
results	of	our	fMRI	study	extend	these	findings	
by	showing	that	reduced	connectivity	between	
the putamen and IFG may lead to an inaccurate 
transmission	 of	motor	 predictions	 and	 conse-
quently	to	missing	attenuation	of	the	IFG	during	
perception	 of	 time-congruent	 visual	 feedback	
in	patients	with	schizophrenia.	It	has	been	men-
tioned	 before	 that	 frontal	 functional	 dyscon-
nectivity	 in	schizophrenia	affects	corollary	dis-
charge and consequently leads to a breakdown 
in	self-monitoring	(Stephan	et	al.,	2009).	Impre-
cise	 predictions	 of	 one’s	 own	 actions	 further	
result	 in	 misattributions	 of	 agency	 in	 schizo-
phrenia	(Synofzik	et	al.,	2010).	
Something similar may apply to the insula, which 
has	been	suggested	to	play	a	role	while	distin-
guishing	self-associated	and	self-attributed	sen-




sio,	 2003;	 Devue	 et	 al.,	 2007;	 Kircher	 et	 al.,	
2001).	 Furthermore,	 greater	 insula	 activation	






feedback signals, normally used to match with 
motor	predictions	within	the	IFG.
Conclusions
Taken	 together,	 we	 could	 show	 that	 due	 to	





in	 healthy	 participants.	 Furthermore,	 the	 IFG	





received feedback remains possible. Moreover, 
we suggest that the IFG is the neural correlate 
of	 the	 failure	 of	 the	 efference	 mechanism	 in	
schizophrenia	due	to	its	deficits	during	sensory	
mismatch	 detection	 that	 could	 explain	 misat-
tributions	 of	 agency	 and	 consequently	 delu-
sions	 of	 influence	 that	 arise	 in	 schizophrenia.	
This	 idea	 is	 supported	 by	 our	 findings	 related	
to	 the	 connectivity	 analyses,	 suggesting	 that	
the	 transmissions	 of	 afferent	 and	 reafferent	
information	 from	 the	 OFC	 and	 interoceptive	
information	from	the	insula,	as	well	as	putative	
motor	predictions	for	corollary	discharge	from	
the putamen to the IFG may be decreased in 
schizophrenia.	 This	 defective	 exchange	 of	 sig-
nals	might	influence	the	integration	within	the	
matching mechanism and this in turn might 
cause	self-monitoring	deficits	in	patients,	which	
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Figure 1.: Differential contrast of visual feedback (INT, nINT) versus static feedback baseline 
(ISI) in CONTR (INT+nINT>ISI). Significant activated areas involved in visuomotor integration 
irrespective of delay length are shown in orange-red, e.g., frontal (notably the IFG), temporal (e.g., 
pSTS), temporooccipital, and sensorimotor brain areas. The color bar shows the corresponding 
z-value. P<.05 FWE corr; k=20. 











Right Middle Temporal Gyrus 48 -61 4 993 >8.00 0.000
Right Superior Occipital Gyrus 27 -76 37 7.57
Right Middle Occipital Gyrus 33 -88 7 6.95
Left Middle Occipital Gyrus -45 -70 4 770 >8.00 0.000
Left Inferior Occipital Gyrus -27 -91 -2 6.29
Left Middle Occipital Gyrus -30 -91 10 5.95
Right Inferior Parietal Lobule 30 -52 55 168 6.68 0.000
Right Superior Temporal Gyrus 63 -34 16 139 7.66 0.000
Right Inferior Frontal Gyrus p. Opercularis 48 5 31 113 6.37 0.000
Left Middle Occipital Gyrus -24 -76 31 110 6.77 0.000
Left Inferior Parietal Lobule -30 -52 55 73 6.14 0.000
Right Middle Frontal Gyrus 42 -4 58 46 6.08 0.001
Left Precentral Gyrus -42 -7 55 24 4.90 0.003
-54 -1 43
Note. Activations are reported if P<.05 FWE corrected; cluster extent threshold (k)=20, n=16
105Supplement Study #3
Table 2. Regions showing significantly lower task-related PPI functional connectivity 







z                  
value
Cluster level 
P FWE corr. 
PPI connectivity a x y z
Right	Mid	Orbital	Gyrus 9 50 -2 164 4.36 0.011
Left	Mid	Orbital	Gyrus -12 47 1 3.43
Seed-voxel connectivity b
Left	Insula	 -33 -25 13 131 4.41 0.008
Left	Superior	Temporal	Gyrus -39 -10 -8 3.85
Left	Insula	 -39 -4 7 3.45
Left	Putamen -18 8 4 73 3.65 0.032
Left	Insula	 -39 8 7 3.27
P< .05 FWE cluster level corr.; k=20; nSCHIZ/nCONTR =16/16,
Note a. whole brain; b. ROI analysis
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